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2YHUYLHZ
1DWXUDO�JDV�FRROLQJ�V\VWHPV�W\SLFDOO\�XWLOL]H�DQ�DEVRUSWLRQ�F\FOH�RU�HQJLQH�GULYHQ�JDV�UHIULJHUDWLRQ�F\FOH�WR�SURGXFH�D�FRROLQJ�HIIHFW��SURYLGLQJ�DQ�DOWHUQDWLYH�FRROLQJ�VRXUFH�WR�HOHFWULFLW\���1DWXUDO�JDV�IXHO�VXSSOLHV�DUH�W\SLFDOO\�PRUH�DEXQGDQW�WKDQ�HOHFWULFLW\�VXSSOLHV�LQ�WKH�VXPPHU�FRROLQJ�PRQWKV�GXH�WR�WKH�XVH�RI�XQGHUJURXQG�ILHOG�VWRUDJH�IDFLOLWLHV�DQG��XQOLNH�HOHFWULFLW\��QDWXUDO�JDV�GHPDQG�QRUPDOO\�SHDNV�LQ�WKH�ZLQWHU�PRQWKV���$OVR��GLVWULEXWHG�DV�RSSRVHG�WR�FHQWUDO�FRPEXVWLRQ�HOLPLQDWHV�WUDQVPLVVLRQ�ORVVHV�WKDW�DFFRPSDQ\�WKH�VXSSO\�RI�HOHFWULFLW\���
7KHUH�DUH�WZR�SULPDU\�FDWHJRULHV�RI�JDV�FRROLQJ�V\VWHPV���HQJLQH�GULYHQ�FKLOOHUV�DQG�KHDW�SXPSV��DQG�JDV�ILUHG�DEVRUSWLRQ�FRROLQJ�V\VWHPV����)LYH�2(0�PDQXIDFWXUHUV�RI�JDV�HQJLQH�GULYHQ�FKLOOHUV�DQG�WZR�PDQXIDFWXUHUV�RI�KHDW�SXPSV�KDYH�EHHQ�LGHQWLILHG�WR�GDWH���2WKHU�VLPLODU�SURGXFWV�DUH�XQGHU�GHYHORSPHQW�DQG�VKRXOG�EH�DYDLODEOH�LQ�WKH�PDUNHW�LQ�WKH�QHDU�IXWXUH���2WKHU�W\SHV��QRQ�DEVRUSWLRQ�F\FOH��JDV�ILUHG�RU�KHDW�DFWLYDWHG�V\VWHPV�DUH�DOVR�XQGHU�GHYHORSPHQW�DQG�PD\�DOVR�EH�DYDLODEOH�LQ�WKH�IRUHVHHDEOH�IXWXUH���
2Q WKH�FRPPHUFLDO�VLGH��HQJLQH�GULYHQ�FKLOOHUV�ZLWK�UHFLSURFDWLQJ�FRPSUHVVRUV�DUH�DYDLODEOH�XS�WR�����WRQV��VFUHZ�FRPSUHVVRUV�XS�WR������WRQV��DQG�FHQWULIXJDO�FRPSUHVVRUV�XS�WR������WRQV���7KHUH�DUH�DERXW�VHYHQ�PDQXIDFWXUHUV�RI�ODUJH�JDV�DEVRUSWLRQ�HTXLSPHQW XS�WR������WRQV���7ZR�PDQXIDFWXUHUV��0LWVXELVKL�DQG�*RHWWO��PDNH�JDV�HQJLQH�KHDW�SXPSV���*RHWWO�PDQXIDFWXUHV����DQG����WRQ�KHDW�SXPS�XQLWV��DQG�0LWVXELVKL�PDQXIDFWXUHV�VPDOOHU�PXOWLSOH�]RQH�VSOLW�V\VWHP�KHDW�SXPSV�����DQG����WRQ��WKDW�RSHUDWH�ZLWK�PXOWLSOH�IDQ�FRLO�XQLWV��HDFK�ZLWK�D�7;9��,Q�WKH�UHVLGHQWLDO�VHFWRU�WKHUH�DUH�DW�OHDVW�WZR�PDQXIDFWXUHUV�RI�DEVRUSWLRQ�FKLOOHUV��ERWK�SURGXFH�FKLOOHG�ZDWHU�IRU�VSOLW�V\VWHP�K\GURQLF�FRROLQJ�DSSOLFDWLRQV���7KHUH�DUH�FXUUHQWO\�WZR�PDQXIDFWXUHUV�RI�ODUJH�UHVLGHQWLDOHQJLQH�GULYHQ�KHDW�SXPSV��*RHWWO�DQG�0LWVXELVKL���
7KH�SURSRVHG�DSSOLFDWLRQ�RI�WLPH�GHSHQGHQW�YDOXDWLRQ��7'9��RI�HOHFWULFLW\�LQ�&DOLIRUQLD�HQHUJ\�VWDQGDUGV�ZLOO�IDYRU�QDWXUDO�JDV�FRROLQJ��ZKLFK�\LHOGV�D�ODUJH�HOHFWULFDO�SHDN�GHPDQG�UHGXFWLRQ�FRPSDUHG�WR�HOHFWULF�FRROLQJ���$W�D�WLPH�ZKHQ�FRPPHUFLDO�RQ�SHDN�UDWHV�DUH�RYHU�����JUHDWHU�WKDQ�RII�SHDN�UDWHV�DQG�RQ�SHDN�GHPDQG�FKDUJHV�DUH�PRUH�WKDQ���IROG�JUHDWHU�WKDQ�RII�SHDN�GHPDQG�FKDUJHV���FRROLQJ�WHFKQRORJLHV�ZKLFK�QHDUO\�HOLPLQDWH�RQ�SHDN�HOHFWULFDO�XVH�VKRXOG�DSSHDU�DWWUDFWLYH�WR�GHYHORSHUV�DQG�RSHUDWRUV�RI�FRPPHUFLDO�SURMHFWV���6LPLODUO\��UHVLGHQWLDO�JDV�FRROLQJ�FXVWRPHUV�RQ�WLPH�RI�XVH�UDWHV�VKRXOG�VHH�VXEVWDQWLDO�EHQHILWV�
&XUUHQWO\��RQO\�JDV�DEVRUSWLRQ�FRROLQJ�LV�UHSUHVHQWHG�LQ�WKH�1RQ�5HVLGHQWLDO�(QHUJ\�6WDQGDUGV�DQG�$OWHUQDWLYH�&DOFXODWLRQ�0HWKRG�$SSURYDO�0DQXDO����(QJLQH�GULYHQ�FKLOOHUV�DQG�KHDW�SXPSV�DUH�QRW�GHVFULEHG��QRU�LV�DQ\�IRUP�RI�JDV�FRROLQJ�GHVFULEHG�LQ�WKH�UHVLGHQWLDO�(QHUJ\�6WDQGDUGV�RU�$&0�PDQXDOV����,W�LV�SRVVLEOH�WR�PRGHO�VHYHUDO�QRQ�UHVLGHQWLDO�JDV�FRROLQJ�V\VWHP�W\SHV�XVLQJ�FXUUHQW�$&0¶V�DQG�DSSO\LQJ�³SURIHVVLRQDO�MXGJHPHQW´��EXW�GHIDXOW�LQSXW�DVVXPSWLRQV�DUH�QRW�UHSUHVHQWDWLYH�RI�WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�DYDLODEOH�HTXLSPHQW���'2(����WKH�SHUIRUPDQFH�PRGHO�EHKLQG�WKH�$&0¶V��FDQQRW�VLPXODWH�YDULDEOH�VSHHG�HQJLQH�GULYHQ�V\VWHPV�VXFK�DV�WKH�0LWVXELVKL�KHDW�SXPS���
7KHUH�LV�DOVR�D�FRQIOLFW�LQ�VWDQGDUGV�DQG�QRQ�UHVLGHQWLDO�$&0�ODQJXDJH�UHODWHG�WR�KHDW�UHFRYHU\����7KH�VWDQGDUGV�DSSHDU�WR�QRW�DOORZ�KHDW�UHFRYHU\��VXFK�DV�IRU�H[KDXVW�ILUHG�DEVRUSWLRQ�FKLOOHUV���ZKLOH�WKH�1RQ�5HVLGHQWLDO�$&0�$SSURYDO�0DQXDO�GRHV�XQGHU�OLPLWHG�FLUFXPVWDQFHV���
7KH�RQO\�JDV�WHFKQRORJ\�WKDW�FDQ�EH�PRGHOHG�XVLQJ�WKH�UHVLGHQWLDO�$&0¶V��0,&523$6��&$/5(6��(QHUJ\3UR��LV�D�JDV�HQJLQH�KHDW�SXPS���7KLV�PRGHO�ZDV�GHYHORSHG�IRU�WKH�QRZ�REVROHWH�<RUN�7ULDWKORQ���EXW�&23�YDOXHV�PD\�EH�HQWHUHG�WR�PRGHO�RWKHU�UHVLGHQWLDO�KHDW�SXPSV����&XUUHQWO\��RQO\�DEVRUSWLRQ�DLU�FRQGLWLRQHUV�DUH�DYDLODEOH�IRU�VPDOO�
� $EVRUSWLRQ�FRROLQJ�V\VWHPV�FDQ�DOVR�XWLOL]H�KRW�ZDWHU��VWHDP��WXUELQH�H[KDXVW�RU�DQ\�RWKHU�KHDW�VRXUFH�WR�GULYH�WKH�FRROLQJ�F\FOH���$QRWKHU�WHFKQRORJ\�WKDW�FRXOG�IDOO�ZLWKLQ�WKH�GHILQLWLRQ�RI�JDV�FRROLQJ�LV�D�VWHDP�WXUELQH�GULYHQ�FKLOOHU�PDQXIDFWXUHG�E\�<RUN�� 3*	(�5DWH�6FKHGXOH�(�����0DUFK����������6&(�5DWH�6FKHGXOH�,����-XQH���������� 7KH�6WDQGDUGV�OLVW�PLQLPXP�HIILFLHQFLHV�IRU�VLQJOH�DQG�GRXEOH�HIIHFW�DEVRUSWLRQ�FKLOOHUV�RQO\���� 7KH�<RUN�7ULDWKORQ��GHYHORSHG�E\�%DWWHOOH�/DERUDWRULHV�IRU�*5,�� 0,&523$6�FDOFXODWLRQ�PHWKRGV�XVH�D�WHPSHUDWXUH�ELQ�DSSURDFK�WKDW�VKRXOG�EH�UHSODFHG�ZLWK�PRUH�DFFXUDWH�KRXUO\�VLPXODWLRQ�PHWKRGV�
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UHVLGHQWLDO�DSSOLFDWLRQV���)RU�ODUJHU�UHVLGHQWLDO�DSSOLFDWLRQV������WRQV���JDV�HQJLQH�GULYHQ�FKLOOHUV��KHDW�SXPSV�RU�GRXEOH�HIIHFW�DEVRUSWLRQ�FKLOOHUV�FDQ�EH�XVHG�
7KLV�LQLWLDWLYH�ZLOO�GHYHORS�DQG�LPSURYH�$&0�PHWKRGV�DQG�SURSRVH�VWDQGDUGV�HQKDQFHPHQWV��DQG�ZLOO�HVWDEOLVK�PLQLPXP�SHUIRUPDQFH�FULWHULD�WR�EH�XVHG�IRU�FRPSOLDQFH� $GRSWLRQ�RI�DQ�DSSURSULDWH�7'9�PHWKRG�LQ�FRPSOLDQFH�FDOFXODWLRQV�ZLOO�SURYLGH�D�PRUH�OHYHO�SOD\LQJ�ILHOG�EHWZHHQ�HOHFWULF�DQG�JDV�FRROLQJ�WHFKQRORJLHV�'HVFULSWLRQ�
7KH�SURSRVHG�FKDQJH�PRGLILHV�VWDQGDUGV�DQG�$&0�$SSURYDO�0DQXDO�ODQJXDJH�WR�H[SOLFLWO\�LQFOXGH�JDV�FRROLQJ�DV�D�FRPSOLDQFH�RSWLRQ���7KH�FKDQJH�DIIHFWV�DOO�EXLOGLQJ�W\SHV�FRYHUHG�E\�WKH�UHVLGHQWLDO�DQG�QRQ�UHVLGHQWLDO�VHFWLRQV�RI�WKH�&DOLIRUQLD�%XLOGLQJ�(QHUJ\�(IILFLHQF\�6WDQGDUGV��DQG�ZRXOG�PRVW�OLNHO\�EH�DSSOLFDEOH�WR�FRPPHUFLDO�DQG�VLQJOH�IDPLO\�UHVLGHQWLDO�RFFXSDQFLHV���%HQHILWV
*DV�FRROLQJ�FDQ�SURYLGH�VXEVWDQWLDO�XWLOLW\�FRVW�VDYLQJV�UHODWLYH�WR�HOHFWULF�FRROLQJ�HTXLSPHQW��HVSHFLDOO\�ZKHQ�WLPH�RI�XVH�UDWHV�DUH�DSSOLHG���$OWKRXJK�JDV�FRROLQJ�GRHV�QRW�DOZD\V�VDYH�VLWH�HQHUJ\�XVH��LW�FDQ�SOD\D�VLJQLILFDQW�UROH�LQ�UHGXFLQJ�JHQHUDWLQJ�FDSDFLW\�QHHGV�DQG�RIIHUV�VXEVWDQWLDO�HQHUJ\�FRVW�VDYLQJV�LQ�WKH�SDUWLFXODU�DSSOLFDWLRQV�GHVFULEHG�EHORZ�
,Q�VSHFLILF�DSSOLFDWLRQV�JDV�FRROLQJ�HTXLSPHQW�FDQ�SURGXFH�ODUJH�HQHUJ\�VDYLQJV�UHODWLYH�WR�HOHFWULF�FKLOOHUV�GXH�WR�WKHLU�DELOLW\�WR�EH�XVHG�LQ�³FRPELQHG´�DSSOLFDWLRQV�WKDW�JHQHUDWH�ZDVWH�KHDW�WKDW�LV�XVHG�LQ�RWKHU�VSDFH�FRQGLWLRQLQJ�SURFHVVHV���6LQFH�HQJLQH�GULYHQ�KHDW�SXPSV�DQG�FKLOOHUV�JHQHUDWH�KLJK�JUDGH�ZDVWH�KHDW���WKH\�FRXOG�EH�FRPELQHG�ZLWK�LQGLUHFW�ILUHG�DEVRUSWLRQ�HTXLSPHQW�ZKHUH�WKH�KRW�ZDWHU�RU�VWHDP�LV�JHQHUDWHG�IURP�WKH�ZDVWH�KHDW���7KH�UHFRYHUHG�KHDW�FRXOG�DOVR�EH�XVHG�IRU�GRPHVWLF�KRW�ZDWHU�
%HFDXVH�DEVRUSWLRQ�FKLOOHUV�GR�QRW�UHTXLUH�FRPSUHVVRUV��PDLQWHQDQFH�FDQ�EH�OHVV�WKDQ�IRU�FRPSUHVVRU�EDVHG FKLOOHUV��DQG�WKH\�RSHUDWH�PRUH�TXLHWO\�DQG�ZLWK�OHVV�YLEUDWLRQ����%RWK�DEVRUSWLRQ�DQG�HQJLQH�GULYHQ�HTXLSPHQW�FDQ�SURYLGH�HPHUJHQF\�FRROLQJ�GXULQJ�SRZHU�RXWDJHV�ZLWK�PLQLPDO�UHTXLUHPHQWV�IRU�EDFNXS�SRZHU��PDNLQJ�WKHP�LGHDO�IRU�DSSOLFDWLRQV�ZKHUH�PDLQWDLQLQJ�FRPIRUW�LV�FULWLFDO�(QYLURQPHQWDO�,PSDFW
$OO�JDV�FRROLQJ�V\VWHPV�SURGXFH�HPLVVLRQV�FRPPRQ�WR�FRPEXVWLRQ�HTXLSPHQW��LQFOXGLQJ�12[��&2��62[��PLVFHOODQHRXV�K\GURFDUERQV��DQG�SDUWLFXODWHV���*DV�FRROLQJ�V\VWHPV�ZLOO�FDXVH�LQFUHDVHG�HPLVVLRQV�DW�WKH�EXLOGLQJ�VLWH�ZLWK�VRPH�V\VWHP�W\SHV�FDXVLQJ�JUHDWHU�HPLVVLRQV�WKDQ�RWKHUV���7KH�OHYHO�RI�LQFUHDVHG�JDV�HPLVVLRQV�PD\�RU�PD\�QRW�FUHDWH�D�VLJQLILFDQW�HQYLURQPHQWDO�LPSDFW�GHSHQGLQJ�RQ�WKH�VLJQLILFDQFH�RI�WKH�H[SHFWHG�LPSDFWV�UHODWLYH�WR�DLU�TXDOLW\�DWWDLQPHQW�LQ WKH�ORFDO�DLU�EDVLQ���,I�WKHUH�LV�D�VLJQLILFDQW�LPSDFW�GXH�WR�WKHVH�LQFUHDVHG�JDV�HPLVVLRQV��LW�PD\�EH�QHFHVVDU\�IRU�PLWLJDWLRQ�PHDVXUHV�WR�EH�WDNHQ���*DV�HQJLQH�GULYHQ�HTXLSPHQW�FDQ�EH�ILWWHG�ZLWK�H[KDXVW�JDV�DIWHU�WUHDWPHQW�WR�UHGXFH�HPLVVLRQV�DQG�GLUHFW�ILUHG�HTXLSPHQW�FDQ�EH�ILWWHG�ZLWK�ORZ�12[ EXUQHUV���+HDW�UHFRYHU\�FDQ�DOVR�UHGXFH�QHW�HPLVVLRQV������RI�WKH�JDV�HQHUJ\�XVHG�WR�RSHUDWH�DQ�HQJLQH�GULYHQ�FKLOOHU�RU�KHDW�SXPS�FDQ�EH�UHFRYHUHG�IURP�WKH�HQJLQH�MDFNHW�DQG�H[KDXVW��
:KHQ�JDV�FRROLQJ�LV�LQVWDOOHG�LQ�SODFH�RI�HOHFWULF�FRROLQJ�WKDW�ZRXOG�KDYH�RWKHUZLVH�EHHQ�LQVWDOOHG��WKHUH�ZLOO�EH�ORZHU�GHPDQG�RQ�WKH�HOHFWULF�SRZHU�V\VWHP���$V�D�UHVXOW�HPLVVLRQV�FRXOG�EH�UHGXFHG�RQ�WKH�PDUJLQDO�SRZHU�SODQW�LQ�WKH�V\VWHP���+RZHYHU��SUHGLFWLQJ�ZLWK�DFFXUDF\�ZKLFK�SRZHU�SODQW�V��ZRXOG�EH�WKH�PDUJLQDO�SODQW�DQG�WKHUHIRUH�ZKDW�WKH�H[WHQW�RI�WKH�HPLVVLRQV�UHGXFWLRQ�ZRXOG�EH�DQG�ZKHUH�WKDW�HPLVVLRQV�UHGXFWLRQ�ZRXOG�WDNH�SODFH�LV�VSHFXODWLYH�DW�EHVW���&DOLIRUQLD�LV�SURYLGHG�ZLWK�HOHFWULFLW\�WKURXJK�WKH�:HVWHUQ�8�6��UHJLRQDO�HOHFWULFLW\�V\VWHP���7KLV�LV�D�KLJKO\�
� (QJLQH�MDFNHWV�SURGXFH����q)�ZDWHU��DQG�H[KDXVW�KHDW�UHFRYHU\�SURGXFHV����q)�ZDWHU�RU�ORZ�SUHVVXUH�VWHDP�� $PHULFDQ�*DV�&RROLQJ�&HQWHU�SXEOLFDWLRQ��ZZZ�DJFF�RUJ�(QJLQH%DVLFV�KWP�
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FRPSOH[��LQWHU�FRQQHFWHG�V\VWHP�ZKLFK�LV�GULYHQ�E\�YDULDWLRQV�LQ�GHPDQG�GXH�WR�ZHDWKHU�DQG�WKH�HQHUJ\�XVH�SDWWHUQV�RI�SHRSOH�DQG�EXVLQHVVHV�VHUYHG�E\�WKH�V\VWHP��E\�WKH�H[LVWHQFH�RI�SRZHU�FRQWUDFWV��SODQQHG�DQG�XQSODQQHG�SRZHU�SODQW�PDLQWHQDQFH��DQG�RQ�WKH�PDUJLQ�E\�PHUFKDQW�SODQWV�ORFDWHG�LQ�RU�RXWVLGH�RI�&DOLIRUQLD�WKDW�FDQ�RIIHU�WR�VHOO�SRZHU�LQWR�RU�RXWVLGH�RI�&DOLIRUQLD�GHSHQGLQJ�RQ�WKH�HFRQRPLFV�RI�WKH�PRPHQW���7KLV�FUHDWHV�D�VLWXDWLRQ�ZKHUH�LW�LV�IDU�IURP�VWUDLJKW�IRUZDUG�WR�UHODWH�SRWHQWLDOO\�UHGXFHG�HPLVVLRQV�VRPHZKHUH�LQ�WKH�:HVWHUQ�UHJLRQDO�HOHFWULFLW\�V\VWHP�ZLWK�H[SHFWHG�LQFUHDVHV�DW�WKH�EXLOGLQJ�VLWH�ZKHUH�WKH�JDV�FRROLQJ�ZLOO�EH�LQVWDOOHG���$�FRQVHUYDWLYH�DQDO\VLV�RI�WKH�LPSDFWV�RI�JDV�FRROLQJ�ZLOO�DGGUHVV�WKH�LQFUHDVHG�HPLVVLRQV�GXH�WR�LQFUHDVHG�QDWXUDO�JDV�FRROLQJ�UHJDUGOHVV�RI�WKH�SRWHQWLDO�IRU�UHGXFHG�HPLVVLRQV�VRPHZKHUH�LQ�WKH�:HVWHUQ�HOHFWULFLW\�V\VWHP�GXH�WR�GHFUHDVHG�HOHFWULF�FRROLQJ��7KH�VXEMHFW�RI�HPLVVLRQV�IURP�JDV�FRROLQJ�LV�EHLQJ�VWXGLHG�DQG�ZLOO�EH�SUHVHQWHG�LQ�D�VXSSOHPHQWDO�UHSRUW�WKDW�LV�EHLQJ�SUHSDUHG�LQ�VXSSRUW�RI�WKH�(,5�SURFHVV�
6LQFH�DEVRUSWLRQ�FKLOOHUV�GR�QRW�XWLOL]H�&)&¶V�RU�+&)&�UHIULJHUDQWV��WKHLU�SRWHQWLDO�WR�FRQWULEXWH�WR�R]RQH�GHSOHWLRQ�DW�WKH�EXLOGLQJ�VLWH�PD\�EH�ORZHU�WKDQ�WKDW�IRU�HOHFWULF�FKLOOHUV��
$QRWKHU�SRWHQWLDO�HQYLURQPHQWDO�LPSDFW�LV�LQFUHDVHG�QRLVH��SDUWLFXODUO\�IRU�HQJLQH�GULYHQ�JDV�FRROLQJ�HTXLSPHQW���,QLWLDO�GDWD�IURP�PDQXIDFWXUHUV�LQGLFDWH�WKDW�$EVRUSWLRQ�HTXLSPHQW�ZLOO�KDYH�FRPSDUDEOH�QRLVH�OHYHOV�WR�HOHFWULF�HTXLSPHQW��VOLJKWO\�ORZHU�LQ�VRPH�FDVHV���)RU�WKH�HQJLQH�GULYHQ�HTXLSPHQW�LQ�FRPPHUFLDO�DSSOLFDWLRQV��WKH�VDPH�PLWLJDWLRQ�PHDVXUHV�WDNHQ�IRU�HOHFWULF�HTXLSPHQW��VRXQG�ZDOOV�DQG�LQWHULRU�PHFKDQLFDO�URRPV��ZLOO�VHUYH�WR�UHGXFH�QRLVH�SROOXWLRQ�OHYHOV�WR�FRPSO\�ZLWK�ORFDO�RUGLQDQFHV�7\SH�RI�&KDQJH
7KH�SURSRVHG�FKDQJH�DGGV�QHZ�UHVLGHQWLDO�FRPSOLDQFH�RSWLRQV�IRU�DEVRUSWLRQ�FKLOOHUV��DQG�LPSURYHV�FRPSOLDQFH�SURFHGXUHV�IRU�QRQ�UHVLGHQWLDO�FRPSOLDQFH�RSWLRQV����6SHFLILFDOO\�WKLV�FKDQJH�ZRXOG�HQKDQFH�RU�DGG�FRPSOLDQFH�PHWKRGRORJLHV�IRU�WKH�IROORZLQJ�WHFKQRORJLHV�
5HVLGHQWLDO� 6LQJOH�DQG�'RXEOH�HIIHFW��GLUHFW�ILUHG�DEVRUSWLRQ�FKLOOHU�
1RQ�UHVLGHQWLDO� 'RXEOH�HIIHFW��GLUHFW�ILUHG��ZDWHU�FRROHG�DEVRUSWLRQ�FKLOOHU6LQJOH�DQG�'RXEOH�HIIHFW��LQGLUHFW�ILUHG�DEVRUSWLRQ�FKLOOHU�*DV�HQJLQH�FKLOOHU�*DV�HQJLQH�KHDW�SXPS�
$EVRUSWLRQ�HTXLSPHQW�LV�LQFOXGHG�LQ�WKH�1RQ�5HVLGHQWLDO�$&0�$SSURYDO�0DQXDO��6HFWLRQ�����������EXW�LV�QRW�PHQWLRQHG�LQ�WKH�5HVLGHQWLDO�$&0�$SSURYDO�0DQXDO���*DV�HQJLQH�GULYHQ�KHDW�SXPSV�DUH�FRYHUHG�E\�WKH�UHVLGHQWLDO��EXW�QRW�WKH�QRQ�UHVLGHQWLDO�$&0�PDQXDO��DQG�JDV�HQJLQH�GULYHQ�FKLOOHUV�DUH�RQO\�FRYHUHG�E\�WKH�1RQ�5HVLGHQWLDO�PDQXDO����7KHUHIRUH��LW�LV�QHFHVVDU\�WR�PRGLI\�WKH�1RQ�5HVLGHQWLDO�$&0�PDQXDO�WR�LQFOXGH�ERWK�JDV�HQJLQH�GULYHQ�FKLOOHUV�DQG�KHDW�SXPSV��DQG�WKH�UHVLGHQWLDO�$&0�PDQXDO�WR�LQFOXGH�WKH�GLUHFW�ILUHG�DEVRUSWLRQ�FKLOOHUV���
&RPELQHG�V\VWHPV�VXFK�DV�H[KDXVW�DQG�ZDWHU�MDFNHW�KHDW�UHFRYHU\�V\VWHPV�DUH�FRYHUHG�XQGHU�1RQ� 5HVLGHQWLDO�$&0�$SSURYDO�0DQXDO�6HFWLRQV���������DQG����������UHVSHFWLYHO\��EXW�DUH�QRW�DOORZHG�LQ�WKH�6WDQGDUGV��WKHUHIRUH�WKH�6WDQGDUGV�VKRXOG�EH�PRGLILHG�WR�FRUUHFW�WKLV�LQFRQVLVWHQF\��$OVR��0,&523$6�LV�QRW�FDSDEOH�RI�PRGHOLQJ�YDULDEOH�VSHHG�JDV�HQJLQH�V\VWHPV��FKDQJHV�WR�DFFRPPRGDWH�WKHP�ZLOO�UHTXLUH�VSHFLILF�H[FHSWLRQDO�PHWKRG�DSSOLFDWLRQV�DQG�ODWHU�$&0�PDQXDO�DGGLWLRQV���7KHVH�FKDQJHV�ZLOO�QRW�EH�FRYHUHG�LQ�WKLV�SURSRVDO�
,Q�VXPPDU\��PRGLILFDWLRQV�WR�6WDQGDUGV�LQFOXGH�HTXLSPHQW�V\VWHP�GHILQLWLRQV��UHYLVLRQV�WR�VSHFLILFDWLRQV�IRU�PLQLPXP�SHUIRUPDQFH�VWDQGDUGV��DQG�LQFOXVLRQ�RI�HQHUJ\�UHFRYHU\���&KDQJHV�WR�WKH�$&0�PDQXDOV�LQFOXGH�SURYLVLRQV�IRU�PRGHOLQJ�DEVRUSWLRQ�DQG�JDV�HQJLQH�FRROLQJ�V\VWHPV���5HVLGHQWLDO�DQG�QRQ�UHVLGHQWLDO�FRPSOLDQFH�PDQXDOV�ZLOO�DOVR�UHTXLUH�UHYLVLRQV�FRQVLVWHQW�ZLWK�WKHVH�FKDQJHV�
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7HFKQRORJ\�0HDVXUHV
0HDVXUH�$YDLODELOLW\�DQG�&RVW

*DV�FRROLQJ�SURGXFWV�DUH�UHDGLO\�DYDLODEOH�WKURXJK�PDQ\�+9$&�VXSSOLHUV���/DUJHU�PDQXIDFWXUHUV�VXFK�DV�7UDQH��%URDG��0F4XD\��&DUULHU��7HFRJHQ��<RUN��DQG�0LWVXELVKL�KDYH�VXEVWDQWLDO�PDQXIDFWXULQJ�FDSDFLW\���7KH�VPDOOHU�FRPSDQLHV��VXFK�DV�&RROWHFK�DQG�5REXU�6HUYHO��ZKLFK�PDQXIDFWXUH�UHVLGHQWLDO�V\VWHPV�DUH�LQ�HDUOLHU�SURGXFWLRQ�VWDJHV�DQG�DUH�FXUUHQWO\�DW�ORZ�SURGXFWLRQ�YROXPHV����6RPH�FRPSDQLHV��VXFK�DV�$PELDQ�&OLPDWH�&RQWURO�ZLOO�LQWURGXFH�SURGXFWV�LQ WKH�QH[W�IHZ�\HDUV���6LQFH�JDV�FRROLQJ�LV�QRW�D�PDQGDWRU\�PHDVXUH�WKH�LQFUHDVH�LQ�GHPDQG�ZLOO�EH�VORZ��SURYLGLQJ�WLPH�IRU�PDQXIDFWXUHUV�DQG�VXSSOLHUV�WR�UDPS�XS�SURGXFWLRQ�DQG�GLVWULEXWLRQ���&RPSHWLQJ�SURGXFWV�LQFOXGH�FRQYHQWLRQDO�HOHFWULF�SRZHUHG�DLU�FRQGLWLRQHUV��SDFNDJH�XQLWV��DQG�HOHFWULF�FKLOOHUV���6XUYH\�ZRUN�LV�QHHGHG�WR�DFFXUDWHO\�LGHQWLI\�FRPSDUDWLYH�LQVWDOODWLRQ�DQG�PDLQWHQDQFH�FRVWV�IRU�JDV�FRROLQJ�DQG�FRPSDUDEOH�HOHFWULF�FRROLQJ�V\VWHPV��EXW�LQVWDOOHG�FRVWV�SHU�WRQ�DUH�JHQHUDOO\�KLJKHU�IRU�JDV�FRROLQJ���3HUIRUPDQFH�YHULILFDWLRQ�DQG�FRPPLVVLRQLQJ�FRVWV�VKRXOG�EH�QHDUO\�LGHQWLFDO�IRU�JDV�DQG�HOHFWULF�WHFKQRORJLHV�8VHIXO�/LIH��3HUVLVWHQFH�DQG�0DLQWHQDQFH
%DVHG�RQ�DYDLODEOH�LQIRUPDWLRQ��WKH�XVHIXO�OLIH�DQG�PDLQWHQDQFH�UHTXLUHPHQWV�IRU�DEVRUSWLRQ�FRROLQJ�V\VWHPV�DUH�FRPSDUDEOH�WR�WKDW�RI�EDVHOLQH�HOHFWULF�V\VWHPV����7KH�IDFW�WKDW�DEVRUSWLRQ�FKLOOHUV�KDYH�IHZHU�PRYLQJ�SDUWV�WKDQ�FRPSUHVVRU�EDVHG�FKLOOHUV�VXJJHVWV�OHVV�PDLQWHQDQFH�ZRXOG�EH�UHTXLUHG�IRU�WKHVH�V\VWHPV���0DQXIDFWXUHUV¶�HVWLPDWHV�RI�HTXLSPHQW�OLIH�UDQJH�IURP����WR����\HDUV�
0DLQWHQDQFH�FRVWV�IRU�HQJLQH�GULYHQ�FKLOOHUV�DUH�W\SLFDOO\������JUHDWHU�SHU�WRQ�KRXU�WKDQ�IRU�HOHFWULF�FKLOOHUV���7KLV�LV�SULPDULO\�GXH�WR�DGGLWLRQDO�PDLQWHQDQFH�UHTXLUHG�E\�WKH�HQJLQH���L�H��RLO�FKDQJHV��WXQH�XSV��ILOWHU�FKDQJHV��HWF���7HFRJHQ�SURMHFWV�D����\HDU�HTXLSPHQW�OLIH���(QJLQH�GULYHQ�HTXLSPHQW�UHTXLUH�D�PDMRU�RYHUKDXO�RU�HQJLQH�UHSODFHPHQW�DERXW�KDOIZD\�WKURXJK�WKH�XVHIXO�OLIH�RI�WKH�HTXLSPHQW�
:LWK�WKH�H[FHSWLRQ�RI�SRWHQWLDO�UHSODFHPHQW�GXH�WR�PDLQWHQDQFH�LVVXHV�RU�H[FHVVLYH�QRLVH��HQHUJ\�DQG�GHPDQG�VDYLQJV�IRU�JDV�FRROLQJ�HTXLSPHQW�DUH�H[SHFWHG�WR�EH�KLJKO\�SHUVLVWHQW���3HUIRUPDQFH�GHJUDGDWLRQ�VKRXOG�EH�QR�JUHDWHU�WKDQ�IRU�EDVHOLQH�V\VWHPV��DQG�QR�PRUH�GHSHQGHQW�RQ�FRPPLVVLRQLQJ�RU�SHUIRUPDQFH�YHULILFDWLRQ���$VZLWK�WKH�EDVHOLQH�V\VWHPV��HTXLSPHQW�IDLOXUHV�W\SLFDOO\�UHVXOW�LQ�WRWDO�ORVV�RI�IXQFWLRQ��UDWKHU�WKDQ�WKH�GHJUDGDWLRQ�RI�SHUIRUPDQFH�3HUIRUPDQFH�9HULILFDWLRQ
/LNH�HOHFWULF�FRROLQJ�SURGXFWV��JDV�FRROLQJ�SURGXFWV�XQGHUJR�IDFWRU\�TXDOLW\�FRQWURO�LQVSHFWLRQV DQG�WHVWLQJ��DQG�VKRXOG�QRW�UHTXLUH�ILHOG�SHUIRUPDQFH�YHULILFDWLRQ�RWKHU�WKDQ�W\SLFDO�FRPPLVVLRQLQJ���)RU�QHZHU�HTXLSPHQW�WKDW�LV�OHVV�IDPLOLDU�WR�LQVWDOOLQJ�FRQWUDFWRUV��FRPPLVVLRQLQJ�LV�RI�DGGHG�LPSRUWDQFH�&RVW�(IIHFWLYHQHVV
(FRQRPLF�FRPSDULVRQV�RI�JDV FRROLQJ�WHFKQRORJLHV�YHUVXV�FRQYHQWLRQDO�HOHFWULF�FRROLQJ�WHFKQRORJLHV�LQGLFDWH�WKDW�JDV�HQJLQH�FKLOOHUV�DQG�DEVRUSWLRQ�FRROLQJ�FDQ�EH�FRVW�HIIHFWLYH�LQ�PDQ\�DSSOLFDWLRQV��SDUWLFXODUO\�LI�7'9�FRQYHUVLRQ�IDFWRUV�DUH�XVHG��)DFWRUV�DIIHFWLQJ�FRVW�HIIHFWLYHQHVV�LQFOXGH�LQVWDOOHG�FRVW��FRROLQJ�V\VWHP�HIIHFWLYH�SHUIRUPDQFH��WKH�UDWLR�RI�JDV�WR�HOHFWULF�FRVWV��DQG�XWLOL]DWLRQ�RI�KHDW�UHFRYHU\���%\�YLUWXH�RI�WKHLU�KLJK�KHDWLQJ�HIILFLHQFLHV��HQJLQH�GULYHQ�KHDW�SXPSV�DOVR�FDQ�EH�FRVW�HIIHFWLYH�ZKHQ�ERWK�KHDWLQJ�DQG�FRROLQJ�HQHUJ\�LV�FRQVLGHUHG�

� 7HFRJHQ�HVWLPDWHV�DQ�LQFUHPHQWDO�PDLQWHQDQFH�FRVW�RI�������SHU�WRQ�KRXU�
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$QDO\VLV�7RROV
5HVLGHQWLDO

&XUUHQWO\�WKH�UHVLGHQWLDO�$&0¶V�VLPXODWLRQ�RI�JDV�FRROLQJ�WHFKQRORJLHV�LV�OLPLWHG�WR�JDV�HQJLQH�KHDW�SXPSV���6LQFH�WKH�UHVLGHQWLDO�$&0¶V�DUH�QRW�FDSDEOH�RI�PRGHOLQJ�JDV�DEVRUSWLRQ�V\VWHPV��WKLV�VWXG\�DSSOLHG�WKH�FXUUHQWO\�DSSURYHG�0,&523$6�SURJUDP¶V�KRXUO\�RXWSXW��WR�D�PRGLILHG�YHUVLRQ�RI�WKH�7'9�VSUHDGVKHHW�WKDW�LQFOXGHV�JDV�FRROLQJ�SHUIRUPDQFH�HTXDWLRQV�EDVHG�RQ�'2(����(����7R�DFFRPPRGDWH�H[LVWLQJ�UHVLGHQWLDO�JDV�FRROLQJ�WHFKQRORJLHV��UHTXLUHG�HQKDQFHPHQWV�WR�WKH�FRPSOLDQFH�PRGHOV�ZLOO�LQFOXGH�WKH�DGGLWLRQ�RI�HTXDWLRQV�WR�FDOFXODWH�KRXUO\�JDV��DQG�HOHFWULF��HQHUJ\�XVH�DV�D�IXQFWLRQ�RI�RXWVLGH�DLU�WHPSHUDWXUH�DQG�SDUW�ORDG����&KDQJHV�WR�LQFOXGH�JDV�FRROLQJ�ZLOO�QHHG�WR�EH�PDGH�FRQVLVWHQWO\�ZLWK�SURSRVHG�UHVLGHQWLDO�FRPSXWHU�PRGHOLQJ�DVVXPSWLRQ�FKDQJHV�DQG�WKH�KRXUO\�HOHFWULF�DLU�FRQGLWLRQHU�PRGHO�DQG�7'9�PXOWLSOLHUV�WKDW�DUH�SURSRVHG�WR�EH�LQFRUSRUDWHG�LQWR�WKH�UHVLGHQWLDO�$&0¶V�1RQ�5HVLGHQWLDO
(QHUJ\3UR�����DQG�LWV�'2(����(�VLPXODWLRQ�HQJLQH�ZHUH�XVHG�WR�GHYHORS�WKH�QRQ�UHVLGHQWLDO�HQHUJ\�VDYLQJV�GDWD�IRU�WKLV�SURSRVDO���0RGHOLQJ�FDSDELOLWLHV�DQG�SUREOHPV�HQFRXQWHUHG�DUH�GHVFULEHG�EHORZ�0RGHOLQJ�&DSDELOLWLHV�DQG�/LPLWDWLRQV
(QHUJ\3UR�FDQ�PRGHO�WKH�IROORZLQJ�JDV�FRROLQJ�RSWLRQV�
³6<67(06´� x *DV�HQJLQH�KHDW�SXPSV��QRQ�UHVLGHQWLDO�
³3/$17´� x *DV�HQJLQH�FKLOOHUV��ZDWHU�FRROHG�x 'RXEOH�HIIHFW�GLUHFW�ILUHG�DEVRUSWLRQ�FKLOOHUV��ZDWHU�RU�DLU�FRROHG�x 6LQJOH�HIIHFW�LQGLUHFW�ILUHG�DEVRUSWLRQ�FKLOOHUV�����q)�ZDWHU�RU����OE��VWHDP�x 'RXEOH�HIIHFW�LQGLUHFW�ILUHG�DEVRUSWLRQ�FKLOOHUV�����q)�ZDWHU�RU�����OE��VWHDP�
0RGHOLQJ�3UREOHP
:KHQ�(QHUJ\3UR�LV�DSSOLHG�WR�FRPSOLDQFH�FDOFXODWLRQV�IRU�JDV�DEVRUSWLRQ�FKLOOHUV��WKH�HOHFWULF�LQSXW�UDWLR��(�,�5��LQSXW�LQ�'2(���DSSHDUV�WR�UHVXOW�LQ�GRXEOH�FRXQWLQJ�RI�WKH�HOHFWULF�SRZHU���7KLV�DQRPDO\�LV�DSSDUHQWO\�D�EXJ�LQ�'2(���DQG�LV�EHLQJ�UHVHDUFKHG�5HODWLRQVKLS�WR�2WKHU�0HDVXUHV
7KH�SURSRVHG�FKDQJH�ZRXOG�HVWDEOLVK�SURFHGXUHV�IRU�DOORZLQJ�JDV�FRROLQJ�FRPSDUHG�WR�WKH�H[LVWLQJ�VWDQGDUG�GHVLJQ���7KHUHIRUH��QR�RWKHU�PHDVXUHV�DUH�LPSDFWHG�E\�WKLV�FKDQJH��$FNQRZOHGJPHQWV
6RXWKHUQ�&DOLIRUQLD�*DV�&RPSDQ\��6&*��VSRQVRUHG�WKLV�FRGH�FKDQJH�SURSRVDO��3DUWLFLSDWLQJ�6&*�SHUVRQQHO�LQFOXGHG�/DQFH�'H/DXUD�DQG�5DQGDOO�+LJD��� $�<��$KPHG�RI�2FFLGHQWDO�$QDO\WLFDO�*URXS�PDQDJHG�WKH�SURMHFW�IRU�6&*��'DYLV�(QHUJ\�*URXS�OHG�WKH�GHYHORSPHQW�RI�WKLV�SURSRVDO��DQG�*DEHO�'RGG�(QHUJ\6RIW�VXEFRQWUDFWHG�WR�SURYLGH�D�UHYLHZ�RI�VRIWZDUH�FDSDELOLWLHV�DQG�DVVLVWHG�ZLWK�WKH�QRQ�UHVLGHQWLDO�DQDO\VLV���6WHYH�%UHQQDQ�PDQDJHG�WKH�
� 7KLV�DQDO\VLV�ZLOO�QHHG�WR�EH�UHYLVHG�RQFH�XSGDWHG�YHUVLRQV�RI�0,&523$6�DUH�DYDLODEOH�ZKLFK�LQFOXGH�DOO�SURSRVHG�FRPSXWHU�PRGHOLQJ�FKDQJHV�



6&*�&RGH�3URSRVDOV 3DJH��

VXUYH\�RI�PDQXIDFWXUHUV�FRQGXFWHG�E\�3DWULFLD�7HXIHO�DQG�FRPSOHWHG�WKH�UHVLGHQWLDO�DQDO\VLV���%LOO�'DNLQ�FRPSOHWHG�WKH�QRQ�UHVLGHQWLDO�DQDO\VLV���'DYLG�6SULQJHU�PDQDJHG�WKH�SURMHFW�IRU�'DYLV�(QHUJ\�*URXS�
0DQXIDFWXUHUV�RI�JDV�FRROLQJ�HTXLSPHQW�DUH�WKH�NH\�VWDNHKROGHUV��DQG�SURYLGHG�SHUIRUPDQFH��FRVW��DQG�RWKHU�GDWD�QHHGHG�WR�FRPSOHWH�WKLV�DQDO\VLV����7KH�PRVW�JHQHURXV�FRQWULEXWRUV�WR�WKLV�LQIRUPDWLRQ�LQFOXGHG�*RHWWO��7HFRJHQ��%URDG��7UDQH��<D]DNL��0LWVXELVKL��5REXU��DQG�&RROWHF�
0HWKRGRORJ\*HQHUDO�$SSURDFK
7KH�SULPDU\�REMHFWLYH�RI�DQDO\VLV�FRPSOHWHG�IRU�WKLV�SURSRVDO�ZDV�WR�GHWHUPLQH�KRZ�WKH�DSSOLFDWLRQ�RI�7'9�PHWKRGV�DIIHFWV�FRPSDUDWLYH�HQHUJ\�XVH�UHODWLYH�WR�WKH�HOHFWULF�FRROLQJ�EDVHOLQH�V\VWHPV���7R�DFFRPSOLVK�WKLV��KRXUO\�PRGHOV�ZHUH�XVHG�WR�HYDOXDWH�JDV�FRROLQJ�7'9�HQHUJ\�XVH�DQG�FRPSDUHG�WR�HOHFWULF�FRROLQJ�7'9�HQHUJ\�XVH�LQ�ILYH�FOLPDWH�]RQHV���7KH�KRXUO\�PRGHOLQJ�XVHG�LQ�WKHVH�DQDO\VHV�LV�FRXQWHUSDUW�WR�WKH�QHZ�KRXUO\�PRGHOLQJ�DSSURDFKHV�XVHG�IRU�UHVLGHQWLDO�DQG�QRQ�UHVLGHQWLDO�HOHFWULF�FRROLQJ�HTXLSPHQW�
7KH�VROH�UHVLGHQWLDO�JDV�FRROLQJ�WHFKQRORJ\�FXUUHQWO\�DYDLODEOH�LV�DQ�DLU�FRROHG�VLQJOH�HIIHFW�DEVRUSWLRQ�FKLOOHU���&RROLQJ�LV�DFFRPSOLVKHG�E\�FLUFXODWLQJ�WKH�FKLOOHG�ZDWHU�WKURXJK�DQ�DLU�KDQGOHU�RU�IXUQDFH�ZLWK�D�FKLOOHG�ZDWHU�FRLO��LQVWHDG�RI�D�';�FRLO�����&XUUHQW�UHVLGHQWLDO�$&0¶V�GR�QRW�DFFRPPRGDWH�JDV�DEVRUSWLRQ�FRROLQJ���$�FRPELQDWLRQ�RI�'2(���SHUIRUPDQFH�FXUYHV�DQG�PDQXIDFWXUHUV¶�SHUIRUPDQFH�GDWD�ZHUH�XVHG�WR�GHYHORS�SHUIRUPDQFH�HTXDWLRQV��DV�GHVFULEHG�LQ�WKH�VHFWLRQV�WKDW�IROORZ���7R�DVVXUH�FRQVHUYDWLYH UHVXOWV��³ZRUVW�FDVH´�SHUIRUPDQFH�YDOXHV�ZHUH�DSSOLHG�
)RU�WKH�QRQ�UHVLGHQWLDO�DQDO\VLV��JDV�FRROLQJ�7'9�HQHUJ\�XVH�ZDV�GHWHUPLQHG�E\�HYDOXDWLQJ�HDFK�RI�WKH�WKUHH�FRPPRQ�JDV�FRROLQJ�WHFKQRORJLHV�XVLQJ�(QHUJ\3UR���)RU�HQJLQH�GULYHQ�WHFKQRORJLHV��WKH�FXUUHQW�XQGHUO\LQJ�'2(���GHIDXOW�SHUIRUPDQFH�PDSV�ZHUH�QRW�PRGLILHG�EHFDXVH�FRPSOHWH�SHUIRUPDQFH�GDWD�ZHUH�XQDYDLODEOH�IURP�PDQXIDFWXUHUV���)RU�FRPPHUFLDO�JDV�DEVRUSWLRQ�FRROLQJ��D�FRPSDULVRQ�ZLWK�GHIDXOW�'2(���SHUIRUPDQFH�YDOXHV�VKRZHG�WKDW�WKH�PDQXIDFWXUHU¶V�SHUIRUPDQFH�PDSV�UHVXOW�LQ�JUHDWHU�HQHUJ\�XVH�WKDQ�GHIDXOW�'2(���SHUIRUPDQFH�PDSV���)RU�WKLV�UHDVRQ��WKH�PRUH�FRQVHUYDWLYH�PDQXIDFWXUHU¶V�FXUYHV�ZHUH�DSSOLHG�WR�WKH�'2(���HQJLQH�XVHG�E\�(QHUJ\3UR��DQG�DUH�UHFRPPHQGHG�IRU�XVH�LQ�WKH�QHZ�$&0�PHWKRGV�
$EVRUSWLRQ�XQLWV�WKDW�XVH�KRW�ZDWHU��VWHDP��DQG�H[KDXVW�KHDW�DV�WKHLU�HQHUJ\�VRXUFH�DUH�YHU\�VSHFLILF�LQ�DSSOLFDWLRQ��DQG�UHTXLUH�LGHQWLILFDWLRQ�RI�WKH�SHUIRUPDQFH�RI�WKH�HTXLSPHQW�WKDW�LV�XVHG�WR�JHQHUDWH�WKH�ZDVWH�KHDW��DQG�WKH�ORDGV�LPSRVHG�XSRQ�WKHP���)RU�WKHVH�UHDVRQV��V\VWHPV�XWLOL]LQJ�ZDVWH�KHDW�UHFRYHU\�ZHUH�QRW�LQFOXGHG�LQ�WKLV�DQDO\VLV�DQG�DUH�QRW�SURSRVHG�IRU�FRPSOLDQFH�FUHGLW����+RZHYHU��V\VWHPV�UHO\LQJ�RQ�ZDVWH�KHDW�DUH�OLNHO\�WR�SHUIRUP�EHWWHU�WKDQ�GLUHFW�ILUHG�V\VWHPV�'DWD�&ROOHFWLRQ
:HE�VHDUFKHV��OLWHUDWXUH�UHYLHZ��DQG�VXSSOLHU�FRQWDFWV�ZHUH�XVHG�WR�LGHQWLI\�DYDLODEOH�JDV�FRROLQJ�HTXLSPHQW���$�TXHVWLRQQDLUH�ZDV�GHYHORSHG��VHH�$SSHQGL[��WR�REWDLQ�GDWD�RQ�SHUIRUPDQFH��FRVW��PDLQWHQDQFH��DQG�HTXLSPHQW�OLIH��$GGLWLRQDO�UHTXHVWV�ZHQW�RXW�IRU�QRLVH�DQG�HPLVVLRQV�GDWD��LQFOXGLQJ�SRWHQWLDO�PLWLJDWLRQ�PHDVXUHV���7KH�TXHVWLRQQDLUH�PDLOLQJ�ZDV�IROORZHG�XS�E\�SKRQH�FDOOV�XQWLO�WKH�QHFHVVDU\�GDWD�ZHUH�REWDLQHG�����0DQXIDFWXUHUV�RI�FRPPHUFLDO�HTXLSPHQW�VXUYH\HG�LQFOXGH�$OWHUG\QH��%URDG��*RHWWO��7HFRJHQ��7UDQH��<D]DNL��7KHUPD[��0LWVXELVKL��<RUN��.RGLDN�0HFKDQLFDO��'XQKDP�%XVK��&DUULHU��0F4XD\��DQG�/*�0DFKLQHU\��&RROWHF�DQG�6HUYHO�5REXU�ZHUH�WKH�RQO\�WZR�UHVLGHQWLDO�PDQXIDFWXUHUV�LGHQWLILHG�DQG�VXUYH\HG���$PELDQ�&OLPDWH�&RQWURO��IRUPHUO\�*$;�//&��ZDV�DOVR�FRQWDFWHG�EXW ZLOO�QRW�KDYH�WKHLU�WZR�VWDJH�DEVRUSWLRQ�XQLW�RQ�WKH�PDUNHW�XQWLO��������1RWH�WKDW�DGGLWLRQDO�GDWD�
�� ([FHSWLRQ���6\VWHPV�UHFRYHULQJ�KHDW�IURP�VSDFH�FRQGLWLRQLQJ�HTXLSPHQW�DQG�WKDW�SURYLGH�VSDFH�FRQGLWLRQLQJ�DQG�RU�ZDWHU�KHDWLQJ���([DPSOHV�DUH�JDV�HQJLQH�FKLOOHUV�WKDW�DSSO\�H[KDXVW�KHDW�WR�DQ�H[KDXVW�ILUHG�DEVRUSWLRQ�FKLOOHU��DQG�JDV�HQJLQH�FKLOOHUV�WKDW�XVH�HQJLQH�MDFNHW�ZDWHU�WR�KHDW�ZDWHU�IRU�VSDFH�KHDWLQJ�RU�GRPHVWLF�KRW�ZDWHU��� 9HU\�IHZ�PDQXIDFWXUHUV�UHVSRQGHG�ZLWK�DOO�RI�WKH�LQIRUPDWLRQ�UHTXHVWHG�
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FROOHFWLRQ�ZLOO�EH�QHFHVVDU\�WR�FRQGXFW�IXUWKHU�HQYLURQPHQWDO�DQDO\VLV�RI�HPLVVLRQV�LPSDFWV��QRLVH�LPSDFWV�DQG�PLWLJDWLRQV�WR�VLJQLILFDQW�HPLVVLRQV�RU�QRLVH LPSDFWV�(YDOXDWLRQ
%HFDXVH�GLIIHUHQW�$&0¶V�DUH�XVHG�IRU�UHVLGHQWLDO�DQG�QRQ�UHVLGHQWLDO�FRPSOLDQFH��PHWKRGV�GLIIHUHG�IRU�UHVLGHQWLDO�DQG�FRPPHUFLDO�V\VWHPV���$QDO\VHV�ZHUH�FRPSOHWHG�IRU�UHSUHVHQWDWLYH�FOLPDWH�]RQHV��LQFOXGLQJ����������������DQG�������&RPPHUFLDO�WHFKQRORJLHV�HYDOXDWHG�LQFOXGHG�GLUHFW�ILUHG�GRXEOH�HIIHFW�JDV�DEVRUSWLRQ�FKLOOHUV��DQG�JDV�HQJLQH�GULYHQ�FKLOOHUV�DQG�KHDW�SXPSV���7KH�VROH�UHVLGHQWLDO�WHFKQRORJ\�HYDOXDWHG��DQG�FXUUHQWO\�DYDLODEOH��ZDV�WKH�DLU�FRROHG��VLQJOH�HIIHFW�DEVRUSWLRQ�FKLOOHU��ZKLFK�LV�UHSUHVHQWHG�E\�WZR�PDQXIDFWXUHUV���'HWDLOV�RI�UHVLGHQWLDO�DQG�QRQ�UHVLGHQWLDO�HYDOXDWLRQ�PHWKRGV�DUH�GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQV�5HVLGHQWLDO�$EVRUSWLRQ�$LU�&RQGLWLRQHU�$QDO\VLV
7KH�&(&�VWDQGDUG������IWð�KRXVH�ZDV�XVHG�DV�WKH�EDVLV�IRU�WKH�UHVLGHQWLDO�DQDO\VLV���7KH�EDVHOLQH���VWDQGDUG��FDVH�DVVXPHG�HOHFWULF�FRROLQJ�ZLWK�DQ�6((5�RI������%HFDXVH�WKH�IXOO\�LPSOHPHQWHG�7'9�YHUVLRQ�RI�0LFURSDV�ZDV�QRW�DYDLODEOH�DW�WKH�WLPH�WKLV�ZRUN�ZDV�FRPSOHWHG����LW�ZDV�QHFHVVDU\�WR�FDOFXODWH�7'9�HQHUJ\ E\�XVLQJ�0,&523$6�9HUVLRQ�����WR�JHQHUDWH�ORDGV�GDWD���7KH�ORDGV�GDWD�ZHUH�WKHQ�DSSOLHG�WR�WKH�³7'9�6SUHDGVKHHW´�REWDLQHG�IURP�+HVFKRQJ�0DKRQH�*URXS�WR�GHWHUPLQH�7'9�HQHUJ\���7KLV�VSUHDGVKHHW�LQFRUSRUDWHV�WKH�HOHFWULF�FRROLQJ�SHUIRUPDQFH�PDSV�SURSRVHG�WR�EH�LQFOXGHG�LQ�WKH������VWDQGDUGV��3URSRVHG�FKDQJHV�WR�WKH�UHVLGHQWLDO�$&0�WKDW�DIIHFW�FRROLQJ�ORDG�ZHUH�QRW�DFFRXQWHG�IRU�LQ�WKLV�DQDO\VLV�EXW�FRXOG�IDYRU�JDV�FRROLQJ�WHFKQRORJLHV���)RU�H[DPSOH��FKDQJHV�WR�WKH�QDWXUDO�YHQWLODWLRQ�VFKHGXOH�DUH�OLNHO\�WR�LQFUHDVH�RQ�SHDN�FRROLQJ�ORDG�
7KH�SURSRVHG�PHWKRG�IRU�FDOFXODWLQJ�HOHFWULF�DLU�FRQGLWLRQHU�HQHUJ\�XVH�XVHV�WZR�SHUIRUPDQFH�SDUDPHWHUV��((5�DQG�6((5��WR�FDOFXODWH�SHUIRUPDQFH�DW�YDU\LQJ�RXWGRRU�WHPSHUDWXUHV���7KH�PHWKRG�DVVXPHV�WKDW�HIILFLHQF\�YDULHV�OLQHDUO\�ZLWK�WHPSHUDWXUH�EHWZHHQ�IXOO�ORDG�HIILFLHQF\��((5�DW���q)�RXWGRRU�WHPSHUDWXUH��DQG�SDUW�ORDG�HIILFLHQF\��6((5�DW���q)�RXWGRRU�WHPSHUDWXUH�����7KLV�DSSURDFK�PDNHV�LW�SRVVLEOH�WR�LJQRUH�VL]LQJ��DQG�SDUW�ORDG��LQ�WKH�FDOFXODWLRQ�RI�SHUIRUPDQFH��DQG�LV�GLIIHUHQW�IURP�WKH�PHWKRG�XVHG�E\�'2(����ZKLFK�DSSOLHV�D�SDUW�ORDG�IXQFWLRQ�
6LQFH�RQO\�RQH�SHUIRUPDQFH�SDUDPHWHU�LV�DYDLODEOH�IRU�DEVRUSWLRQ�FKLOOHUV���WKH�&23�DW���q)���LW�ZDV�QRW�SRVVLEOH�WR�DSSO\�WKH�DSSURDFK�XVHG�IRU�HOHFWULF�FRROLQJ�WR�JDV�FRROLQJ���,QVWHDG��LW�ZDV�QHFHVVDU\�WR�DSSO\�WKH�'2(���DSSURDFK��ZKLFK�FDOFXODWHV�SHUIRUPDQFH�PRGLILHUV�IRU�RXWGRRU�WHPSHUDWXUH�DQG�SDUW�ORDG����7R�DFFRPSOLVK�WKLV��³ZRUVW�DYDLODEOH´�SHUIRUPDQFH�GDWD�ZHUH�XVHG�WR�GHYHORS�D�FXUYH�WKDW�UHODWHV�HIILFLHQF\�WR�RXWVLGH�DLU�WHPSHUDWXUH���6LQFH�PDQXIDFWXUHUV�FRXOG�QRW�VXSSO\�SDUW�ORDG�SHUIRUPDQFH�GDWD��D�GHIDXOW�'2(���HTXDWLRQ�IRU�DEVRUSWLRQ�FKLOOHUV�ZDV�XVHG�WR�PRGLI\�SHUIRUPDQFH�EDVHG�RQ�SDUW�ORDG���6LQFH�VL]LQJ�LV�FULWLFDO�WR�WKLV�FDOFXODWLRQ��WKH�SURSRVHG�PRGHO�FRQVHUYDWLYHO\�DVVXPHV�WKDW�WKH�FKLOOHU�LV�VL]HG�WR�WKH�QH[W�KLJKHVW�KDOI�WRQ�RYHU�WKH�KLJKHVW�KRXUO\�ORDG�FDOFXODWHG�E\�WKH�$&0�ORDGV�PRGHO�
7KHUH�DUH�WZR�³SDUDVLWLF´�HOHFWULF�ORDGV�DVVRFLDWHG�ZLWK�UHVLGHQWLDO�DEVRUSWLRQ�FKLOOHUV��WKH�RXWGRRU�XQLW��LQFOXGLQJ�IDQ��VROXWLRQ�SXPS��DQG�FKLOOHG�ZDWHU�SXPS���DQG�WKH�LQGRRU�XQLW�IDQ���'DWD�RQ�WKH�IRUPHU�LV�UHDGLO\�DYDLODEOH�IURP�PDQXIDFWXUHUV���7KH�VDPH�LQGRRU�XQLW�IDQ�HQHUJ\�DVVXPSWLRQ�ZDV�DSSOLHG�DV�KDV�EHHQ�SURSRVHG�IRU�HOHFWULF�FRROLQJ������:�WRQ��
'HWDLOHG�PHWKRGV�XVHG�WR�GHWHUPLQH�VLWH�HQHUJ\�XVH�IRU�HDFK�FOLPDWH�]RQH�IURP�0LFURSDV�KRXUO\�ORDGV�DQG�RXWGRRU�WHPSHUDWXUHV�ZHUH�DV�IROORZV�
�� &RROLQJ�ORDG�DQG�RXWGRRU�WHPSHUDWXUH�GDWD�ZHUH�H[WUDFWHG�IURP�WKH�0LFURSDV�03/�ILOHV���7KH�PD[LPXP�ORDG�ZDV�DOVR�LGHQWLILHG�WR�VHUYH�DV�D EDVLV�IRU�HTXLSPHQW�VL]LQJ�
�� *DV�FRROLQJ�SHUIRUPDQFH�FXUYHV�ZRXOG�KDYH�KDG�WR�EH�DGGHG�WR�WKH�PRGHO�IRU�LW�WR�EH�XVDEOH�IRU�WKLV�SXUSRVH�
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�� *DV�DEVRUSWLRQ�XQLW�FRROLQJ�FDSDFLW\��&$3��ZDV�FDOFXODWHG�IRU�HDFK�KRXU�IURP�WKH�FRUUHVSRQGLQJ�RXWGRRU�WHPSHUDWXUHV�XVLQJ�(TXDWLRQ�����(TXLSPHQW�VL]HV�ZHUH�HVWDEOLVKHG�IRU�HDFK�FOLPDWH�]RQH�E\�URXQGLQJ�XS�WR�WKH�QHDUHVW�����WRQ JUHDWHU�WKDQ�WKH�PD[LPXP�ORDG�
+RXUO\�&DSDFLW\� ��&$3��u ����������7����������7����������N%WXK� (TXDWLRQ��
ZKHUH�7� �RXWGRRU�WHPSHUDWXUH�LQ�q)

7KLV�HTXDWLRQ�ZDV�GHULYHG�E\�DSSO\LQJ�D�SRO\QRPLDO�ILW�WR�PDQXIDFWXUHU¶V�GDWD��5REXU����%HFDXVH�WKH�ORZHVW�WHPSHUDWXUH�IRU�ZKLFK�GDWD�ZHUH�DYDLODEOH�ZDV���q)��WKH�FDSDFLW\�ZDV�DVVXPHG�WR�EH�FRQVWDQW�EHORZ���q)��WKH�VDPH�DV�WKH�FDSDFLW\�DW���q)���
�� 7KH�SDUW�ORDG�UDWLR��3/5��ZDV�FDOFXODWHG�IRU�HDFK�KRXU�XVLQJ�(TXDWLRQ���

3/5� �+RXUO\�/RDG���&$3 (TXDWLRQ��
�� 7KH�WHPSHUDWXUH�DGMXVWHG�IXOO�ORDG�LQVWDQWDQHRXV�HIILFLHQF\��&23�7��ZDV�FDOFXODWHG�IRU�HDFK�KRXU�DV�D�IXQFWLRQ�RI�RXWGRRU�WHPSHUDWXUH�XVLQJ�(TXDWLRQ���

&23�7�� ��������������7������������ (TXDWLRQ��
7KLV�HTXDWLRQ�ZDV�DOVR�REWDLQHG�XVLQJ�D�SRO\QRPLDO�ILW�RI�PDQXIDFWXUHU¶V�GDWD��5REXU�������7KH�YDOXH�RI�&23�7�ZDV�DOVR�DVVXPHG�WR�EH�FRQVWDQW�EHORZ���q)�

�� 7KH�+,5��KHDW�LQSXW�UDWLR��ZDV�FDOFXODWHG�E\�WDNLQJ�WKH�LQYHUVH�RI�WKH�&23�
+,5� ���&23 (TXDWLRQ��

�� 7KH�+,5�DGMXVWPHQW�IDFWRU�IRU�SDUW�ORDG��+,5�3/5��ZDV�FDOFXODWHG�XVLQJ�(TXDWLRQ�����7KLV�IDFWRU�DFFRXQWV�IRU�SHUIRUPDQFH�GHJUDGDWLRQ�UHVXOWLQJ�IURP�F\FOLQJ��DQG�ZDV�REWDLQHG�IURP�WKH�'2(���JDV�DEVRUSWLRQ�FKLOOHU�PRGHO���
+,5�3/5� ������������3/5�ð���������������3/5������������� (TXDWLRQ��
8QOHVV�3/5��������WKHQ�+,5�3/5� ���3/5�

7KH�VHFRQG�SDUW�RI�WKH�HTXDWLRQ�ZDV�DGGHG�WR�SUHYHQW�WKH�IXHO�FRQVXPSWLRQ�IURP�³EORZLQJ�XS´�DW�ORZ�SDUW�ORDGV��DQG�WR�UHIOHFW�WKH�IDFW�WKDW�WKH�PLQLPXP�UXQWLPH�ZLOO�QRW�OLNHO\�EH�OHVV�WKDQ���PLQXWHV�JLYHQ�WKH�ZDUP�XS�WLPH�RI�WKH�HTXLSPHQW�
�� 7KH�SDUW�ORDG�PRGLILHG�+,5�ZDV�FDOFXODWHG�E\�PXOWLSO\LQJ�WKH�+,5�E\�WKH�+,5�3/5�IURP�(TXDWLRQ���
�� 7KH�PRGLILHG�+,5�ZDV�PXOWLSOLHG�E\�WKH�FDSDFLW\�FDOFXODWHG�XVLQJ�(TXDWLRQ����IRU�HDFK�KRXU��WR�GHWHUPLQH�WKH�JDV�HQHUJ\�FRQVXPSWLRQ�

�� 2I�WKH�WZR�UHVLGHQWLDO�V\VWHPV��WKH�5REXU�XQLW�KDV�ORZHU�SHUIRUPDQFH�
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�� 7RWDO� HQHUJ\� XVH� IRU� HDFK� KRXU� ZDV� FDOFXODWHG� E\� PXOWLSO\LQJ� WKH� $EVRUSWLRQ� &KLOOHU� SRZHU� FRQVXPSWLRQ������:��LQFOXGLQJ�FRQGHQVHU�IDQ��VROXWLRQ�SXPS��DQG�FKLOOHG�ZDWHU�SXPS��E\�WKH�SDUW�ORDG�UDWLR��DQG�DGGLQJ�WKH�LQGRRU�XQLW�IDQ�SRZHU�����:�WRQ��
*DV�HQHUJ\�FRQVXPSWLRQ�YDOXHV�IURP�WKH�DQDO\VLV�VSUHDGVKHHW�ZHUH�WKHQ�LQVHUWHG�LQWR�WKH�JDV�HQHUJ\�XVH�FROXPQ�RI�WKH�03/� ILOHV� DQG� WKH� HOHFWULFDO� FRROLQJ� HQHUJ\� XVH� GDWD� HUDVHG�� � 7KH�7'9� UHVLGHQWLDO� VSUHDGVKHHW� ZDV� XVHG� WR�FRPSDUH�WKH�³6WDQGDUG�'HVLJQ´�WR�WKH�³3URSRVHG�'HVLJQ´�IRU�HDFK�RI�WKH�ILYH�FOLPDWH�]RQHV���7RWDO�HOHFWULFDO�HQHUJ\�XVH�ZDV� FDOFXODWHG�E\�PXOWLSO\LQJ�IXOO�KRXU�HOHFWULF�XVH�E\�WKH�SDUW� ORDG�UDWLRV� IRU�HDFK�KRXU��UHVXOWV�ZHUH� LQVHUWHG�LQWR�WKH�³)DQ�:K´�FROXPQ�RQ�WKH�3URSRVHG�'HVLJQ�VKHHW�RI�WKH�7'9�VSUHDGVKHHW���7KH�WRWDO�FRROLQJ�HOHFWULFDO�HQHUJ\�FROXPQ�KDG�WR�EH�PRGLILHG�WR�H[FOXGH�WKH�HOHFWULF�FRROLQJ�ORDG�WKDW�WKH�VSUHDGVKHHW�DXWRPDWLFDOO\�FDOFXODWHV�
)DFWRUV� WR� GHJUDGH� SHUIRUPDQFH� WKDW� DUH� XVHG� LQ� WKH� SURSRVHG� HOHFWULF� DLU�FRQGLWLRQLQJ� FDOFXODWLRQ�� LQFOXGLQJ�LQDGHTXDWH�UHIULJHUDQW�FKDUJH��ZKLFK�LV�QRW�DSSOLFDEOH�WR�DEVRUSWLRQ�FRROLQJ��DQG�ORZ�DLUIORZ�ZHUH�QRW�LQFOXGHG�LQ�WKH� JDV� FRROLQJ� FDOFXODWLRQV�� � +RZHYHU�� WKH� XVH� RI� WKH� WHPSHUDWXUH�EDVHG� SHUIRUPDQFH� FXUYH� IURP� WKH� ³ZRUVW�DYDLODEOH´� WHFKQRORJ\��DQG�WKH�KDOI�WRQ�RYHU�VL]LQJ�PDNH� WKLV�DQDO\VLV�FRQVHUYDWLYH�� �$V�GHVFULEHG�LQ�WKH�3URSRVHG�$&0�/DQJXDJH�&KDQJHV��ZH�DOVR�SURSRVH�WR�IXUWKHU�GHSUHFLDWH�WKH�&23�WHPSHUDWXUH�FXUYH��7KH�VDPH�DSSURDFK�WR�FDOFXODWLQJ�VHQVLEOH�SOXV�ODWHQW� ORDG�DQG�GXFW�KHDW�JDLQ�DV�XVHG�E\�WKH�HOHFWULF�FRROLQJ�PRGHO�ZRXOG�EH�DSSOLHG�IRU�JDV�FRROLQJ��
$GGLWLRQDO� DQDO\VLV� GHWDLOV� DUH� SURYLGHG� LQ� WKH� 5HVXOWV� VHFWLRQ�� � &RPSOLDQFH� FRPSDULVRQ� VXPPDU\� VKHHWV� DUH� LQ�$SSHQGL[�'�1RQ�5HVLGHQWLDO�6\VWHP�$QDO\VLV

*HQHUDO�$SSURDFK
7KH�FXUUHQW�QRQ�UHVLGHQWLDO�FRPSOLDQFH�PHWKRG�LV�DEOH�WR�TXDQWLI\�HQHUJ\�VDYLQJV�DQG�SHDN�GHPDQG�UHGXFWLRQ�IRU�WKH�SURSRVHG�QRQ�UHVLGHQWLDO�WHFKQRORJLHV���$VLGH�IURP�WKH�7'9�HQKDQFHPHQW��RQO\�PLQRU�PRGLILFDWLRQV�WR�WKH�FRPSOLDQFH�PHWKRG�ZHUH�QHFHVVDU\�WR�PRGHO WKH�QRQ�UHVLGHQWLDO�JDV�FRROLQJ�HTXLSPHQW���7KHVH�PRGLILFDWLRQV�DUH�RXWOLQHG�LQ�WKH�IROORZLQJ�*DV�(QJLQH�+HDW�3XPSV��*DV�(QJLQH�&KLOOHUV��DQG�'RXEOH�(IIHFW�*DV�)LUHG�$EVRUSWLRQ�&KLOOHUV�VHFWLRQV����(QHUJ\3UR�ZDV�XVHG�WR�GHYHORS�WKH�HQHUJ\�VDYLQJV�GDWD�IRU WKH�FXUUHQW�DQDO\VLV�����$�������VT��IW��RIILFH�EXLOGLQJ��GHYHORSHG�E\�*DEHO�'RGG�(QHUJ\6RIW�IRU�QRQ�UHVLGHQWLDO�$&0�WHVWV��ZDV�XVHG�IRU�FRPSDULQJ�DOO�JDV�FRROLQJ�WHFKQRORJLHV���
(QHUJ\6RIW�GHYHORSHG�WKH�LQLWLDO��SURSRVHG��DQG��VWDQGDUG��PRGHOV�IRU�HDFK�RI WKH�QRQ�UHVLGHQWLDO�JDV�FRROLQJ�WHFKQRORJLHV��3URSRVHG�LQSXW�ILOHV�IRU�JDV�HQJLQH�KHDW�SXPSV�ZHUH�PRGLILHG�WR�DFFRPPRGDWH�HTXLSPHQW�SHUIRUPDQFH�YDOXHV�REWDLQHG�IURP�VXUYH\V��DQG�IRU�RWKHU�UHDVRQV�GLVFXVVHG���7KH�RQO\�LQSXWV�WKDW�(QHUJ\3UR�DOORZV�IRU�FRPSOLDQFH�UXQV�LQFOXGH�+,5��RU�&23���(,5��HOHFWULF�SDUDVLWLF�DQG�IDQ�SRZHU�LQSXWV���$QDO\VLV�RI�HDFK�RI�WKH�WHFKQRORJLHV�ZDV�FRPSOHWHG�DV�GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQV�*DV�(QJLQH�+HDW�3XPSV
7KH�(QHUJ\3UR�SDFNDJH�VLQJOH�]RQH�V\VWHP�PRGHO�ZDV�HPSOR\HG�IRUJDV�HQJLQH�KHDW�SXPS�DQDO\VLV��7KH�EDVHOLQH��VWDQGDUG��PRGHO�DVVXPHV�D�SDFNDJH�DLU�FRQGLWLRQHU�ZLWK�JDV�KHDW���7KH�KHDWLQJ�VRXUFH�FRPPDQG�IRU�WKH�SURSRVHG�RSWLRQ�PXVW�EH�VSHFLILHG�DV�D�JDV�KHDW�SXPS���0RGLILFDWLRQV�WR�WKH�SURSRVHG�LQSXW�ILOHV�ZHUH�QHFHVVDU\�EHFDXVH�WKH�LQSXW�ILOHV�SURYLGHG�E\�(QHUJ\6RIW�KDG�WKH�IROORZLQJ�GLIIHUHQFHV�WKDW�ZHUH�QRW�DSSOLFDEOH�WR�WKH�WHFKQRORJ\�

�� &RROLQJ�DQG�KHDWLQJ�HIILFLHQFLHV�ZHUH�UHYLVHG�WR�EH�FRQVLVWHQW�ZLWK�PDQXIDFWXUHUV¶�YDOXHV�� (OHFWULF��SDUDVLWLF��SRZHU�ZDV�LQSXW�IRU�WKH�JDV�KHDW�SXPS�
�� $Q�H[FHSWLRQ�LV�WKDW�WKH�GHIDXOW�DEVRUSWLRQ�FKLOOHU�SHUIRUPDQFH�FXUYHV�XVHG�LQ�WKH�'2(����(�HQJLQH�XVHG�E\�(QHUJ\3UR�ZHUH�UHSODFHG�ZLWK�PRUH�FRQVHUYDWLYH�PDQXIDFWXUHU¶V�FXUYHV�
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7KHVH�WZR�LWHPV�PD\�UHTXLUH�UHYLVLRQV�WR�WKH�FRPSOLDQFH�VRIWZDUH�LQ�RUGHU�WR�ZRUN�SURSHUO\��0DQXIDFWXUHU¶V�KHDWLQJ�DQG�FRROLQJ�HIILFLHQFLHV�ZHUH�LQSXW�LQWR�(QHUJ\3UR���$X[LOLDU\�HOHFWULF�SRZHU�LQSXW�LQWR�(QHUJ\3UR�ZDV�QRW�UHSRUWHG�LQ�RXWSXW�ILOHV�DV�DX[LOLDU\�SRZHU�EXW�DV�³2876,'(�)$1�(/(&75,&´��7KH�IROORZLQJ�LQSXWV�ZHUH�EDVHG�RQ�WKH�PDQXIDFWXUHUV¶�GDWD�IRU�WKH�*RHWWO����WRQ�KHDW�SXPS���7KHVH�LQSXWV�ZHUH�HQWHUHG�LQWR�(QHUJ\3UR�ZLWKRXW�PRGLI\LQJ�WKH�'2(��GHIDXOW�FXUYHV���6HH�$SSHQGL[�)�IRUD�OLVW�RI�LQSXWV��ERWK�IURP�PDQXIDFWXUHUV¶�GDWD�DQG�'2(��GHIDXOWV�
+($7�6285&(�  �*$6�+($7�3803
6833/<�.:�  ��������� � )DQ�SRZHU�� �����&)0�����KS�PRWRU�
&22/,1*�+,5  ������ � &RROLQJ�+HDW�,QSXW�5DWLR��� ���&23�RU�*DV�,QSXW�&RROLQJ�2XWSXW�
+($7,1*�+,5  ������ � +HDWLQJ�+HDW�,QSXW�5DWLR��� ���&23�RU�*DV�,QSXW�+HDWLQJ�2XWSXW�
81,7�$8;�.:  ���� � $X[LOLDU\�SRZHU

*DV�(QJLQH�&KLOOHUV
1R�PRGLILFDWLRQV�WR�WKH�(QHUJ\3UR�'2(���LQSXW�ILOHV�SURYLGHG�E\�(QHUJ\6RIW�ZHUH�QHFHVVDU\�WR�PRGHO�JDV�HQJLQH�FKLOOHUV���$�YDULDEOH�DLU�YROXPH�V\VWHP�ZLWK�D�FHQWUDO�FKLOOHU�ZDV�VSHFLILHG�IRU�WKLV�RSWLRQ��7KH�EDVH�FDVH�V\VWHP�XVHV�D�UHFLSURFDWLQJ�FKLOOHU�ZLWK�DQ�(,5�RI���������a�����N:�WRQ���DQG�D�ZDWHU�FRROHG�FRQGHQVHU�DQG�FRROLQJ�WRZHU����6SDFH�KHDWLQJ�V\VWHPV IRU�ERWK�VWDQGDUG�DQG�SURSRVHG�UXQV�ZHUH�LGHQWLFDO���$����WRQ��ZDWHU�FRROHG��JDV�HQJLQH�FKLOOHU�ZDV�VSHFLILHG�WR�PDWFK�WKH�EXLOGLQJ�ORDGV���6LQFH�PDQXIDFWXUHU¶�LQIRUPDWLRQ�ZDV�QRW�DYDLODEOH�IRU�HTXLSPHQW�WKLV�VPDOO��WKH�UDWLR�RI�SDUDVLWLF�SRZHU�WR�FDSDFLW\�IRU�����WRQ�HTXLSPHQW�ZDV�XVHG���3HUIRUPDQFH�GDWD�IRU�D�7HFRJHQ�����WRQ�FKLOOHU�ZHUH�XVHG�WR�GHYHORS�WKH�IROORZLQJ�LQSXWV����6HH�$SSHQGL[�)�IRU�D�OLVW�RI�LQSXWV��ERWK�IURP�PDQXIDFWXUHUV�GDWD�DQG�'2(��GHIDXOWV�

7<3(  �(1*�&+/5
6,=(  ������ � 00%WXK
(�,�5  �������� � SDUDVLWLF�SRZHU�UDWLR�WDNHQ�IURP�����WRQ�HTXLSPHQW
(1*�&+�&23  ���� � '2(���GHIDXOW��&RUUHVSRQGV�WR�W\SLFDO�YDOXH�IRU�7HFRJHQ�PRGHOV

'RXEOH�(IIHFW�*DV�)LUHG�$EVRUSWLRQ�&KLOOHUV
7KH�HYDOXDWLRQ�RI�GRXEOH�HIIHFW��WZR�VWDJH��DEVRUSWLRQ�FKLOOHUV�XVHG�WKH�VDPH�V\VWHP�W\SH�DV�WKH�JDV�HQJLQH�FKLOOHUV��7KH�EDVHOLQH��VWDQGDUG��PRGHO�ZDV�DOVR�LGHQWLFDO�WR�WKH�PRGHO�XVHG�IRU�JDV�HQJLQH�FKLOOHUV��0RGLILFDWLRQV�WR�WKH�SURSRVHG�LQSXW�ILOH�ZHUH�QHFHVVDU\�GXH�WR�ZKDW�LV�SHUFHLYHG�WR�EH�D�EXJ�LQ�WKH�'2(���SURJUDP��7KH�HOHFWULFDO�FRQVXPSWLRQ�YDOXH�IRU�JDV�DEVRUSWLRQ�FKLOOHUV�UHSRUWHG�LQ�WKH�RXWSXW�LV�WZLFH�WKH�LQSXW�YDOXH��ZKLFK�VLJQLILFDQWO\�SHQDOL]HV�JDV�DEVRUSWLRQ�FKLOOHUV��$����WRQ�<D]DNL�JDV�DEVRUSWLRQ�FKLOOHU�ZDV�XVHG�IRU�FRPSDULVRQ��7KH�LQSXWV�XVHG�WKH�IROORZLQJ�'2(���FRPPDQGV���6HH�$SSHQGL[�)�IRU�D�OLVW�RI�LQSXWV��ERWK�IURP�PDQXIDFWXUHUV�GDWD�DQG�'2(��GHIDXOWV�

7<3(  �$%625*�&+/5
6,=(  ������ � 00%WXK
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(�,�5  �������� � ����:�+DOI�RI�WKH�YDOXH�LQSXW�WR�DGMXVW�IRU�'2(���HUURU
$%625*�+,5  ���� � +HDWLQJ�LQSXW�UDWLR��'2(���GHIDXOW��

3HUIRUPDQFH�FXUYHV�IRU�HIILFLHQF\�YHUVXV�OHDYLQJ�FKLOOHG�ZDWHU�WHPSHUDWXUH�DQG�FRQGHQVHU�WHPSHUDWXUH�IURP�PDQXIDFWXUHU¶V�WDEOHV�ZHUH�PRUH�FRQVHUYDWLYH�WKDQ�WKH�GHIDXOW�FXUYHV��DQG�WKHUHIRUH�ZHUH�XVHG�LQVWHDG���7KHVH�PRUH�FRQVHUYDWLYH�FXUYHV�DUH�SURSRVHG�WR�EH�VXEVWLWXWHG�IRU�WKH�FXUUHQW�GHIDXOWV�LQ�WKH�$&0���8QGHU�FXUUHQW�$&0�UXOHV��WKHVH�SHUIRUPDQFH�FXUYHV�DUH�QRW�DOORZHG�WR�EH�DGMXVWHG��WKHUHIRUH�WKH�PRVW�FRQVHUYDWLYH�YDOXHV�PXVW�EH�XVHG�
5HVXOWV
5HVXOWV�UHSRUWHG�LQ�WKLV�VHFWLRQ�DUH�OLPLWHG�WR�D�FRPSDULVRQ�RI�VRXUFH�HQHUJ\�XVH�DQG�7'9�PHWKRGV�IRU�JDV�FRROLQJ�WHFKQRORJLHV�DQG�WKHLU�FRUUHVSRQGLQJ�VWDQGDUG�HOHFWULF�WHFKQRORJLHV���1R�HIIRUW�ZDV�PDGH�WR�FDOFXODWH�WKH�QHW�SUHVHQW�YDOXH�RI�JDV�FRROLQJ�GXH�WR�WKH�ODFN�RI�DGHTXDWH�GDWD�RQ�LQVWDOOHG�FRVWV���,W�VKRXOG�EH�QRWHG�WKDW�WKH�FRPSOLDQFH�PDUJLQV�LQ�WKHVH�WDEOHV�ZLOO�DOORZ�VRPH�RWKHU�DVSHFW�RI�WKH�SHUIRUPDQFH�RI�WKH�EXLOGLQJ��H�J���WKH�EXLOGLQJ�HQYHORSH��OLJKWLQJ�V\VWHP��HWF���WR�EH�GHJUDGHG�E\�WKH�DPRXQW�RI�WKH�FRPSOLDQFH�PDUJLQ�DQG�VWLOO�FRPSO\�ZLWK�WKH�6WDQGDUGV�5HVLGHQWLDO�*DV�$EVRUSWLRQ�&KLOOHU�$QDO\VLV�5HVXOWV
7KH�IROORZLQJ�UHVXOWV�ZHUH�JHQHUDWHG�XVLQJ�WKH������VTXDUH�IRRW�&(&�6WDQGDUG�KRXVH���7KH�PRGHO�ZDV�UXQ�IRU�FOLPDWH�]RQHV����������������DQG����DQG�FRPSDUHG�WKH�EDVHOLQH�6WDQGDUG�'HVLJQ��(OHFWULF�$�&��WR�WKH�3URSRVHG�'HVLJQ��*DV�$EVRUSWLRQ�$�&��
7DEOH���FRPSDUHV�WKH�WZR�WHFKQRORJLHV�XVLQJ�WKH�FXUUHQW�PHWKRG��IODW�UDWH�PXOWLSOLHU�RI��������N%WX�N:K��DQG�7DEOH���VKRZV�WKH�UHVXOWV�FRPSDULQJ�WKH�VDPH�WZR�WHFKQRORJLHV�XVLQJ�WKH�7LPH�'HSHQGHQW�9DOXDWLRQ�PHWKRG����6LQFH�KHDWLQJ�DQG�ZDWHU�KHDWLQJ�HQHUJ\�XVH�IRU�WKH�WZR�FDVHV�ZDV�LGHQWLFDO��RQO\�FRROLQJ�HQHUJ\�LV�VKRZQ�LQ�7DEOHV���DQG������+RZHYHU��FRPSOLDQFH�PDUJLQV�UHSRUWHG�LQ�WKH�ODVW�FROXPQ�RI�WKHVH�WDEOHV�LQFOXGH�ERWK�KHDWLQJ�DQG�FRROLQJ�HQHUJ\�XVH���$SSHQGL[�'�LQFOXGHV�FRPSOHWH�FRPSDULVRQ�WDEOHV�JHQHUDWHG�E\�WKH�7'9�VSUHDGVKHHW�
7DEOH�����5HVLGHQWLDO�*DV�$EVRUSWLRQ�&RPSOLDQFH�� )ODW�6RXUFH�0XOWLSOLHU

&XUUHQW�0HWKRG��&RROLQJ�6RXUFH�(QHUJ\�N%WX�VI�\U&OLPDWH=RQH 6WDQGDUG�'HVLJQ�&RROLQJ(QHUJ\�%XGJHW 3URSRVHG�'HVLJQ�&RROLQJ(QHUJ\�8VH &RPSOLDQFH0DUJLQ� ���� ���� �������� ���� ����� �������� ���� ����� �������� ����� ����� �������� ����� ����� ������1RWH���1HJDWLYH�FRPSOLDQFH�PDUJLQ�YDOXHV�LQGLFDWH�QRQ�FRPSOLDQFH�
7DEOH����5HVLGHQWLDO�*DV�$EVRUSWLRQ�&RPSOLDQFH�� 7'9�0XOWLSOLHUV

7LPH�'HSHQGHQW�9DOXDWLRQ���N%WX�VI�\U&OLPDWH=RQH 6WDQGDUG�'HVLJQ�&RROLQJ(QHUJ\�%XGJHW 3URSRVHG�'HVLJQ�&RROLQJ(QHUJ\� &RPSOLDQFH0DUJLQ� ���� ���� ������ ����� ����� ������ ����� ����� ������ ����� ����� ������ ����� ����� ����
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1RQ�5HVLGHQWLDO�5HVXOWV
7KLV�VHFWLRQ�LQFOXGHV�UHVXOWV�GHWHUPLQHG�XVLQJ�WKH�VDPH�ILYH�FOLPDWH�]RQHV�DV�XVHG�LQ�WKH�UHVLGHQWLDO�DQDO\VLV��7DEOHV�����UHSRUW�WRWDO�KHDWLQJ�DQG�FRROLQJ�HQHUJ\�XVH�RI�WKH�UHSUHVHQWDWLYH�HTXLSPHQW�EHLQJ�WHVWHG���3URSRVHG DQG�VWDQGDUGJDV�KHDWLQJ�HQHUJ\�XVH�ZDV�GHWHUPLQHG�XVLQJ�WKH�VDPH�KHDWLQJ�HTXLSPHQW�IRU�ERWK�WKH�JDV�HQJLQH�GULYHQ�FKLOOHU�DQG�WKH�GLUHFW�ILUHG�DEVRUSWLRQ�FKLOOHU�FDVHV���%HFDXVH�WKH�SURSRVHG�DQG�VWDQGDUG�VSDFH�KHDWLQJ�EXGJHWV�DUH�GLIIHUHQW�IRU�JDV�HQJLQH�KHDW�SXPSV��ERWK�KHDWLQJ�DQG�FRROLQJ�HQHUJ\�XVH�LV�UHSRUWHG�LQ�DOO�WKH�WDEOHV�IRU�FRQVLVWHQF\�*DV�(QJLQH�'ULYHQ�&KLOOHU
6WDQGDUG�HQHUJ\�XVH�YDOXHV�OLVWHG�LQ�7DEOHV���DQG���DUH�EDVHG�RQ�D����WRQ�HOHFWULF�UHFLSURFDWLQJ�FKLOOHU���3URSRVHG�HQHUJ\�XVH�LV�IRU�WKH�JDV�HQJLQH�FKLOOHU�GHVFULEHG�LQ�WKH�0HWKRGV�VHFWLRQ���7KH�7DEOH���FRPSDULVRQ�DSSOLHV�WKH�IODW�VRXUFH�HQHUJ\�PXOWLSOLHU��DQG�7DEOH���DSSOLHV�WKH�7'9�PXOWLSOLHUV�
7DEOH�����*DV�(QJLQH�&KLOOHU�&RPSOLDQFH�� )ODW�6RXUFH�0XOWLSOLHU

6RXUFH�(QHUJ\��00%WX�\U&OLPDWH=RQH 6WDQGDUG�'HVLJQ(QHUJ\�%XGJHW 3URSRVHG�'HVLJQ(QHUJ\�8VH &RPSOLDQFH0DUJLQ� ������� ������� �������� ������� ������� ������� ������� ������� ������� ������� ������� �������� ������� ������� �����
7DEOH����*DV�(QJLQH�&KLOOHU�&RPSOLDQFH�� 7'9�0XOWLSOLHUV

7'9�6RXUFH�(QHUJ\���00%WX&OLPDWH=RQH 6WDQGDUG�'HVLJQ(QHUJ\�%XGJHW 3URSRVHG�'HVLJQ(QHUJ\� &RPSOLDQFH0DUJLQ� ������� ������� ������ ������� ������� ������� ������� ������� ������ ������� ������� ������ ������� ������� �����
'RXEOH�(IIHFW�$EVRUSWLRQ�&KLOOHU

7KH�VDPH����WRQ�HOHFWULF�UHFLSURFDWLQJ�FKLOOHU�ZDV�XVHG�DV�WKH�EDVHOLQH�FDVH�IRU�GRXEOH�HIIHFW�DEVRUSWLRQ�FKLOOHU�DQDO\VLV���7DEOH���VKRZV�WKH�FRPSDULVRQ�IRU�WKH�FXUUHQW�VRXUFH�HQHUJ\�PHWKRG��DQG�7DEOH���VKRZV�WKH�FRPSDULVRQ�IRU�WKH�7'9�PHWKRG��
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7DEOH�����'RXEOH�(IIHFW�$EVRUSWLRQ�&KLOOHU�&RPSOLDQFH�� )ODW�6RXUFH�0XOWLSOLHU
6RXUFH�(QHUJ\��00%WX�\U&OLPDWH=RQH 6WDQGDUG�'HVLJQ(QHUJ\�%XGJHW 3URSRVHG�'HVLJQ(QHUJ\�8VH &RPSOLDQFH0DUJLQ� ����� ������� �������� ������� ������� �������� ������� ������� �������� ������� ������� �������� ������� ������� ������

7DEOH�����'RXEOH�(IIHFW�$EVRUSWLRQ�&KLOOHU�&RPSOLDQFH�� 7'9�0XOWLSOLHUV
7LPH�'HSHQGHQW�9DOXDWLRQ���00%WX&OLPDWH=RQH 6WDQGDUG�'HVLJQ(QHUJ\�%XGJHW 3URSRVHG�'HVLJQ(QHUJ\� &RPSOLDQFH0DUJLQ� ������� ������� ������� ������� ������� ������ ������� ������� ������ ������� ������� ������ ������� ������� ����

*DV�(QJLQH�'ULYHQ�+HDW�3XPS
$Q������WRQ�SDFNDJHG�$�&�V\VWHP�ZDV�XVHG�DV�WKH�EDVHOLQH�FDVH�IRU�WKLV�DQDO\VLV�DV�LV�SUHVFULEHG�E\�WKH�QRQ�UHVLGHQWLDO�$&0�PDQXDO�IRU�SDFNDJH�VLQJOH�]RQH�V\VWHPV���7DEOH���VKRZV�WKH�FRPSDULVRQ IRU�WKH�FXUUHQW�VRXUFH�HQHUJ\�PHWKRG��DQG�7DEOH���VKRZV�WKH�FRPSDULVRQ�IRU�WKH�7'9�PHWKRG�
7DEOH�����*DV�(QJLQH�'ULYHQ�+HDW�3XPS�&RPSOLDQFH�� )ODW�6RXUFH�0XOWLSOLHU

&XUUHQW�0HWKRG��6RXUFH�(QHUJ\�00%WX�\U&OLPDWH=RQH 6WDQGDUG�'HVLJQ(QHUJ\�%XGJHW 3URSRVHG�'HVLJQ(QHUJ\�8VH &RPSOLDQFH0DUJLQ� ������� ������� ������� ������� ������� ������� ������� ������� ������� ������� ������� ������� ������� ������� �����
7DEOH�����*DV�(QJLQH�'ULYHQ�+HDW�3XPS�� 7'9�0XOWLSOLHUV

7LPH�'HSHQGHQW�9DOXDWLRQ���00%WX&OLPDWH=RQH 6WDQGDUG�'HVLJQ(QHUJ\�%XGJHW 3URSRVHG�'HVLJQ(QHUJ\� &RPSOLDQFH0DUJLQ� ������� ������� ������� ������� ������� ������� ������� ������� ������� ������� ������� ������� ������� ������� �����
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6XPPDU\�RI�5HVXOWV
,Q�PRVW�RI�WKH�FDVHV�HYDOXDWHG�UHVXOWV�VKRZ�WKDW�W\SLFDO�JDV�FRROLQJ�V\VWHPV�FRQVXPH�OHVV�VRXUFH�HQHUJ\�XQGHU�WKH�7'9�VFHQDULR�WKDQ�WKHLU�VWDQGDUG�HOHFWULF�FRROLQJ�FRXQWHUSDUWV����*DV�(QJLQH�'ULYHQ�+HDW�3XPSV�SURGXFH�ODUJH�FRPSOLDQFH�PDUJLQV��GHVSLWH�WKHLU�SHUIRUPDQFH�XVLQJ�WKH�FXUUHQW�IODW�VRXUFH�HQHUJ\�PXOWLSOLHU��
5HFRPPHQGDWLRQV
7KLV�UHSRUW�UHFRPPHQGV�WKDW�DYDLODEOH�JDV�FRROLQJ�WHFKQRORJLHV�EH�UHFRJQL]HG�LQ�WKH�6WDQGDUGV�DQG�DFFRPPRGDWHG�E\�WKH�$&0V���$YDLODEOH�WHFKQRORJLHV�LQFOXGH�UHVLGHQWLDO�DEVRUSWLRQ�FKLOOHUV��DLU�VRXUFH���DQG�QRQ�UHVLGHQWLDO�GLUHFW�ILUHG�ZDWHU�FRROHG�DEVRUSWLRQV�FKLOOHUV��DLU� DQG�ZDWHU�FRROHG�JDV�HQJLQH�KHDW�SXPSV��DQG�ZDWHU�FRROHG�JDV�HQJLQH�FKLOOHUV����
7KLV�SURSRVDO�DOVR�UHFRPPHQGV�WKDW�7LPH�'HSHQGHQW�9DOXDWLRQ��7'9��PHWKRGV�EH�XVHG�WR�HYDOXDWH�JDV�FRROLQJ�WHFKQRORJLHV��DQG�WKDW�WKH�EDVHOLQH�IRU�SHUIRUPDQFH�DQDO\VLV�EH�FRPSDUDEOH�HOHFWULF�FRROLQJ�V\VWHPV���&KDQJHV�WR�6WDQGDUGV�DQG�$&0�0DQXDO�ODQJXDJH�UHODWHG�WR�WLPH�GHSHQGHQW�YDOXDWLRQ�RI�HQHUJ\�DUH�GHVFULEHG�LQ�WKH�FRGH�FKDQJH�SURSRVDO�WLWOHG�³7LPH�'HSHQGHQW�9DOXDWLRQ��7'9��± (FRQRPLFV�0HWKRGRORJ\´���$GGLWLRQDO�FKDQJHV�WR�WKH�VWDQGDUGV�ODQJXDJH�OLVWHG�EHORZ�ZLOO�EH�UHTXLUHG�DIWHU�WKH�KRXUO\�PRGHOLQJ�DQG�7'9�ODQJXDJH�KDV�EHHQ�GHYHORSHG�
7KH�FXUUHQW������VWDQGDUGV�LQFOXGH�QRQ�UHVLGHQWLDO�JDV�DEVRUSWLRQ�FRROLQJ��DQG�QR�FKDQJHV�WR�WKH�VWDQGDUGV�DUH�QHFHVVDU\�VLQFH�WKH�QRQ�UHVLGHQWLDO�$&0¶V�SHUIRUP�KRXUO\�VLPXODWLRQV�RI�SODQWV�DQG�V\VWHPV���3HUIRUPDQFH�LV�FXUUHQWO\�FDOFXODWHG�XVLQJ�GHIDXOW�'2(���FXUYHV���$�PRUH�FRQVHUYDWLYH�SHUIRUPDQFH�FXUYH�WKDQ�WKH�FXUUHQW�+,5�WHPSHUDWXUH�FXUYH�LV�SURSRVHG�DV�DQ�$&0�UHYLVLRQ�IRU�DEVRUSWLRQ�FRROLQJ���7KLV�FXUYH�LV�FRQVLVWHQW�ZLWK�PDQXIDFWXUHUV¶�GDWD���
$OWKRXJK�FXUUHQW�VWDQGDUGV�GR�QRW�DGGUHVV�JDV�HQJLQH�FKLOOHUV�DQG�KHDW�SXPSV��WKH\�DUH�FDSDEOH�RI�EHLQJ�PRGHOHG�E\�WKH�$&0¶V���7KHUHIRUH�ZH�SURSRVH�WKH�DGGLWLRQ�RI�PLQLPXP�SHUIRUPDQFH�YDOXHV�WR�WKH�VWDQGDUGV�WDEOHV���/DFNLQJ�GHILQLWLYH�PDQXIDFWXUHUV¶�SHUIRUPDQFH�GDWD��ZH�UHFRPPHQG�QR�FKDQJH�WR�WKH�GHIDXOW�'2(���SHUIRUPDQFH�PDSV�
7KH�UHVLGHQWLDO�$&0¶V�DUH�FDSDEOH�RI�PRGHOLQJ�D�JDV�HQJLQH�KHDW�SXPS�WKDW�LV�QR�ORQJHU�RQ�WKH�PDUNHW���&RPSOLDQFH�LQIRUPDWLRQ�RQ�WKLV�WHFKQRORJ\�VKRXOG�EH�UHPRYHG�IURP�WKH�$&0�0DQXDO��SDUWLFXODUO\�VLQFH�UHWDLQLQJ�DQDO\VLV�PHWKRGV�ZRXOG�UHTXLUH�GHYHORSPHQW�RI�DQ�KRXUO\�PHWKRG��
5HVLGHQWLDO�JDV�DEVRUSWLRQ�V\VWHPV�DUH�FXUUHQWO\�QRW�UHFRJQL]HG�LQ�WKH�6WDQGDUGV�RU�WKH�$&0�0DQXDO��DQG�ZH�UHFRPPHQG�WKH\�EH�DGGHG�WR�ERWK���5HVLGHQWLDO�JDV�DEVRUSWLRQ�FRROLQJ�GDWD�UHSRUWHG�LQ�WKH�5HVXOWV�VHFWLRQ�DUH�EDVHG�RQ�PDQXIDFWXUHU¶V�SHUIRUPDQFH�FXUYHV�UHODWLQJ�&23�WR�RXWGRRU�WHPSHUDWXUH���(TXDWLRQ����JF��VHH�3URSRVHG�/DQJXDJH�± 5HVLGHQWLDO�$&0�0DQXDO���SURSRVHG�IRU�LQFOXVLRQ�LQ�WKH�$&0�0DQXDO��DSSOLHV�D�PRUH�FRQVHUYDWLYH�UHODWLRQVKLS�WKDW�ZLOO�UHVXOW�LQ�JUHDWHU�HQHUJ\�XVH�WKDQ�WKDW�UHSRUWHG���7KLV�HTXDWLRQ�ZDV�GHULYHG�E\�GHYHORSLQJ�D�OLQHDU�ILW�RI�PDQXIDFWXUHU¶V�GDWD�IRU�WKH�V\VWHP�ZLWK�WKH�ORZHVW�HIILFLHQF\��VHH�)LJXUH������7KH�OLQHDU�HTXDWLRQ�ZDV�WKHQ�VKLIWHG�GRZQ�WR�FRUUHVSRQG�WR�D�&23�RI�������������ORZHU�WKDQ�5REXU��DW�UDWHG�FRQGLWLRQV����q)�GE�RXWGRRU�DLU�� ZKLFK�LV�WKH�PLQLPXP�DOORZDEOH�HIILFLHQF\�OLVWHG�LQ�7DEOH���&��RI�WKH�6WDQGDUGV�GRFXPHQW�IRU�VLQJOH�HIIHFW�JDV�DEVRUSWLRQ�FKLOOHUV���7KLV�PRUH�SHVVLPLVWLF�FXUYH�LV�ODEHOHG�³SURSRVHG�GHIDXOW�FXUYH´�RQ�ILJXUH���EHORZ��DQG�LV�LQWHQGHG�WR�SUHYHQW�SRRUHU�SHUIRUPLQJ�HTXLSPHQW�IURP�EHQHILWLQJ�IURP�D�RSWLPLVWLF�GHIDXOW�HIILFLHQF\�FXUYH���7KH�DFWXDO�GDWD�IURP�WKH�WZR�PDQXIDFWXUHUV�RI�WKLV�WHFKQRORJ\�DUH�DOVR�SORWWHG�RQ�WKLV�JUDSK��DORQJ�ZLWK�WKH�OLQHDU�ILW�FXUYH�IRU�WKH�5REXU�HTXLSPHQW��RQ�ZKLFK�WKH�GHIDXOW�FXUYH�LV�EDVHG�
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)LJXUH�����5HVLGHQWLDO�*DV�$EVRUSWLRQ�&23�&XUYH�&RPSDULVRQ3URSRVHG�6WDQGDUGV�/DQJXDJH�&KDQJHV6XPPDU\�RI�&KDQJHV
�� $GG�GHILQLWLRQV�RI�WKH�QHZ�HTXLSPHQW�LQ�WKH�GHILQLWLRQV�VHFWLRQ�
�� 0RGLI\�WLWOH�DQG�DGG�LQIRUPDWLRQ�WR�WDEOHV���&��DQG���&��WR�FRYHU�WKH�PLQLPXP�HIILFLHQF\�UHTXLUHPHQWV�IRU�JDV�ILUHG�FRROLQJ�HTXLSPHQW���7KH�SURSRVHG�HIILFLHQF\�OHYHOV�LQ�WKHVH�WDEOHV�DUH�WKH�ORZHVW�OHYHOV�WKDW�DUH�FRPPRQO\�DFKLHYHG�E\�FXUUHQWO\�DYDLODEOH�HTXLSPHQW��DQG�WKDW�XVH�QR�PRUH�HQHUJ\�LQ�7'9�WHUPV�WKDQ�VWDQGDUG�HOHFWULF�HTXLSPHQW�
�� 0RGLI\�6HFWLRQ�����WR�LQFOXGH�UHFRYHUHG�HQHUJ\�IURP�VSDFH�FRQGLWLRQLQJ�ZKHQ�DSSOLHG�WR�EXLOGLQJ�ORDGV�ZKHQ�FDOFXODWLQJ�HQHUJ\�EXGJHWV�3URSRVHG�/DQJXDJH

6HFWLRQ�����
*$6�&22/,1*�(48,30(17�LV�FRROLQJ�HTXLSPHQW�WKDW�SURGXFHV�FKLOOHG�ZDWHU�RU�FROG�DLU�XVLQJ�QDWXUDO�JDV�RU�OLTXHILHG�SHWUROHXP�JDV�DV�WKH�SULPDU\�HQHUJ\�VRXUFH���
6HFWLRQ������7DEOH���&���
7DEOH�WLWOH�
7$%/(���&��81,7$5<�$1'�$33/,('�+($7�38036�(/(&75,&$//<�23(5$7('�±0,1,080�()),&,(1&<�5(48,5(0(176

5HVLGHQWLDO�*DV�$EVRUSWLRQ�&KLOOHU�&23�&XUYH�&RPSDULVRQ

���

����

���

����

���

����

�� �� �� �� ��� ��� ���2XWGRRU�$LU�7HPSHUDWXUH

&23

5REXU�'DWD&RROWHF�'DWD5REXU�'DWD��/LQHDU�)LW�3URSRVHG�'HIDXOW�&XUYH
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7DEOH�FKDQJHV�
$GG�WKH�ILUVW�URZ�RI�GDWD�XQGHU�WKH�KHDGHU�LQWR�WKH�WDEOH�XQGHU�WKH�ODVW��&RROLQJ�0RGH��HQWU\���$GG�WKH�ERWWRP�URZ�WR�WKH�ERWWRP�RI�WKH�WDEOH�
(TXLSPHQW�7\SH 6L]H�&DWHJRU\ 6XE�&DWHJRU\�RU�5DWLQJ�&RQGLWLRQ

(IILFLHQF\ 7HVW�3URFHGXUH
$LU�&RROHG�*DV�(QJLQH�+HDW�3XPS��&RROLQJ�0RGH�

$OO�&DSDFLWLHV ��q)�GE2XWGRRU�DLU �����&23 $16,�=�������
$LU�&RROHG�*DV�(QJLQH�+HDW�3XPS�+HDWLQJ�0RGH�

$OO�&DSDFLWLHV ��q)�GE���q)ZE 2XWGRRU�$LU �����&23 $16,�=�������

6HFWLRQ������7DEOH���&����
$GG�WKH�IROORZLQJ�OLQH�WR�WKH�ERWWRP�RI�WKH�WDEOH��KHDGHU�LV�LQFOXGHG�DV�SODFHKROGHU��
(TXLSPHQW�7\SH 6L]H�&DWHJRU\ (IILFLHQF\ 7HVW�3URFHGXUH
:DWHU�&RROHG�*DV�(QJLQH�'ULYHQ�&KLOOHU $OO�&DSDFLWLHV ����&23����,3/9 $16,�=�������

6HFWLRQ�����± 3HUIRUPDQFH�$SSURDFK���(QHUJ\�%XGJHWV
�F��&DOFXODWLRQ�RI�%XGJHW�DQG�(QHUJ\�8VH��:KHQ�FDOFXODWLQJ�WKH�HQHUJ\�EXGJHW�XQGHU6XEVHFWLRQ��D��DQG�WKH�VRXUFH�HQHUJ\�XVH�XQGHU�6XEVHFWLRQ��E���DOO�RI�WKH�IROORZLQJ�UXOHV�VKDOO�DSSO\����0HWKRGRORJ\��7KH�PHWKRGRORJ\��FRPSXWHU�SURJUDPV��LQSXWV��DQG�DVVXPSWLRQV�DSSURYHG�E\�WKH�FRPPLVVLRQ�VKDOO�EH�XVHG����(QHUJ\�LQFOXGHG��$OO�HQHUJ\� IURP�GHSOHWDEOH�VRXUFHV DQG�UHFRYHUHG�IURP�VSDFH�FRQGLWLRQLQJ�HTXLSPHQW� XVHG�IRU�VSDFH�FRQGLWLRQLQJ��OLJKWLQJ��DQG�VHUYLFH�ZDWHU�KHDWLQJ�VKDOO�EH�LQFOXGHG����(QHUJ\�H[FOXGHG��7KH�IROORZLQJ�HQHUJ\�VKDOO�EH�H[FOXGHG�$��3URFHVV�ORDGV��DQG%��/RDGV�RI�UHGXQGDQW�RU�EDFNXS�HTXLSPHQW��LI�WKH�SODQV�VXEPLWWHG�XQGHU�6HFWLRQ�������RI�7LWOH�����3DUW����VKRZ�FRQWUROV�WKDW�ZLOO�DOORZ�WKH�UHGXQGDQW�RU�EDFNXS�HTXLSPHQW�WR�RSHUDWH�RQO\�ZKHQ�WKH�SULPDU\�HTXLSPHQW�LV�QRW�RSHUDWLQJ��DQG�LI�VXFK�FRQWUROV�DUH�LQVWDOOHG��DQG&��5HFRYHUHG�HQHUJ\�RWKHU�WKDQ�IURP�VSDFH�FRQGLWLRQLQJ�HTXLSPHQW�'��$GGLWLRQDO�HQHUJ\�XVH�FDXVHG�VROHO\�E\�RXWVLGH�DLU�ILOWUDWLRQ�DQG�WUHDWPHQW�IRU�WKH�UHGXFWLRQ�DQG�WUHDWPHQW�RI�XQXVXDO�RXWGRRU�FRQWDPLQDQWV�ZLWK�ILQDO�SUHVVXUH�GURSV�PRUH�WKDQ�RQH�LQFK�ZDWHU�FROXPQ��2QO\�WKH�HQHUJ\�DFFRXQWHG�IRU�E\�WKH�DPRXQW�RI�WKH�SUHVVXUH�GURS�WKDW�LV�RYHU�RQH�LQFK�PD\�EH�H[FOXGHG�
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3URSRVHG�$&0�/DQJXDJH�&KDQJHV
6XPPDU\�RI�&KDQJHV
5HVLGHQWLDO���x $GG�PLQLPXP�HTXLSPHQW�HIILFLHQF\�PHWKRG�PHQWLRQ�XQGHU�6WDQGDUGV�5HSRUWV��&HUWLILFDWH�RI�&RPSOLDQFH��+9$&�V\VWHPVx $GG�QHZ�HTXLSPHQW��FKLOOHUV��WR�WDEOH����x $GG�HTXDWLRQV�DQG�PRGLI\�ODQJXDJH�LQ�VHFWLRQ�������1RQ�5HVLGHQWLDO�x $GG�VHFWLRQ���������IRU�JDV�HQJLQH�FRROLQJ�HTXLSPHQW�
x &KDQJH�GHIDXOW�FRHIILFLHQWV�LQ�WKH�'2(����WDEOHV�3URSRVHG�/DQJXDJH�± 5HVLGHQWLDO�$&0�0DQXDO

1RWHV���6SHFLILF�ODQJXDJH�WR�GHVFULEH�7'9�PRGHOLQJ��DLU�FRQGLWLRQHU�VL]LQJ��DQG�RWKHU�SURSRVHG�UHVLGHQWLDO�FRPSOLDQFH�FKDQJHV�KDV�QRW�EHHQ�IXOO\�GHYHORSHG���&KDQJHV�OLVWHG�EHORZ�GRFXPHQW�WKH�FDOFXODWLRQV�QHHGHG�WR�FRQYHUW�KRXUO\�EXLOGLQJ�ORDGV�LQWR�HQHUJ\�XVH�YDOXHV�WKDW��ZKHQ�7'9�PXOWLSOLHUV�DUH�DSSOLHG��\LHOG�7'9�HQHUJ\���7KLV�ODQJXDJH�ZLOO�UHTXLUH�LQWHJUDWLRQ�ZLWK�RWKHU�UHODWHG�ODQJXDJH�DV�LW�LV�GHYHORSHG�
*DV�FRROLQJ�PHWKRGV�VKRXOG�DSSO\�LGHQWLFDO�PHWKRGV�IRU�DGMXVWLQJ�EXLOGLQJ�FRROLQJ�ORDG�IRU�GXFW�KHDW�JDLQ�DQG�ODWHQW�FRROLQJ�ORDG�DV�XVHG�E\�HOHFWULF�FRROLQJ���6LPLODUO\��VL]LQJ�PHWKRGV�VKRXOG�EH�LGHQWLFDO�WR�WKRVH�UHTXLUHG�IRU�HOHFWULF�FRROLQJ��EXW VLQFH�WKH\�DUH�SRWHQWLDOO\�XQGHU�UHYLVLRQ��VSHFLILF�HOLJLELOLW\�FULWHULD�UHODWHG�WR�VL]LQJ�FDQQRW�EH�GHYHORSHG�DW�WKLV�WLPH������7KH�PHWKRG�SURSRVHG�IRU�HOHFWULF�HTXLSPHQW�RI�VL]LQJ�WR�WKH�QHDUHVW�KDOI�WRQ�ODUJHU�WKDQ�WKH�FDOFXODWHG�ORDG�LV�UHFRPPHQGHG�IRU XVH�ZLWK�JDV�FRROLQJ�FRPSOLDQFH�DOVR�

6HFWLRQ�����± &HUWLILFDWH�RI�&RPSOLDQFH��SDJH�������
0LQLPXP�(TXLSPHQW�(IILFLHQF\�0HWKRG��IUDFWLRQ�UHFRPPHQGHG�GHVFULSWRU���7KH�PLQLPXP�HTXLSPHQW�HIILFLHQF\�QHHGHG�IRU�FRPSOLDQFH�DORQJ�ZLWK�WKH�DSSOLFDEOH�PHWKRG�

3HUPLVVLEOH�0HWKRGV��$)8(�IRU�IXUQDFHV�DQG�ERLOHUV��+63)�IRU�HOHFWULF�KHDWLQJ�HTXLSPHQW��6((5�IRU�KHDW�SXPSV��FRROLQJ��DQG�FHQWUDO�DLU�FRQGLWLRQHUV��&23 IRU�JDV�FRROLQJ�HTXLSPHQW��DQG�5(�IRU�ZDWHU�KHDWHUV
6HFWLRQ�����± &HUWLILFDWH�RI�&RPSOLDQFH��SDJH�������
*$EVRUS 'LUHFW�ILUHG��VLQJOH�VWDJH�DEVRUSWLRQ�FKLOOHU�DLU�FRQGLWLRQHU���'HVFULSWRUV�H[SUHVVHG�DV�&23FRROLQJJDV��&23FRROLQJHOHFWULF
6HFWLRQ�����± &RPSXWHU�0HWKRG�6XPPDU\�&��5��SDJH�������
x�(TXLSPHQW�7\SH��7KH�W\SH�RI�KHDWLQJ�RU�FRROLQJ�HTXLSPHQW��7KLV�LV VSHFLILHG�VHSDUDWH�IURP�WKH�GLVWULEXWLRQ�W\SH��5HTXLUHG�KHDWLQJ�HTXLSPHQW�DQG�FRROLQJ�HTXLSPHQW�HQWULHV�DUH�OLVWHG�LQ�7DEOH����7DEOH�����DQG�7DEOH������:KHQ�WKH�SURSRVHG�KRXVH�LV�QRW�DLU�FRQGLWLRQHG��WKH�HQWU\�VKRXOG�EH�1R&RROLQJ��,I�PRUH�WKDQ�RQH�W\SH�RIHTXLSPHQW�LV�VSHFLILHG��WKH\�PD\�EH�OLVWHG�RQ�VXEVHTXHQW�URZV� ,I�*DV�$EVRUSWLRQ�HTXLSPHQW�LV�VSHFLILHG��WKHQ�LW�PXVW�DOVR�EH�
�� $FFRUGLQJ�WR�%UXFH�:LOFR[��SURSRVHG�HOHFWULF�FRROLQJ�VL]LQJ�PHWKRGV�FRXOG�EH�DSSOLHG�WR�JDV�FRROLQJ��7KH�SULPDU\�REMHFWLYH�RI�WKH�SURSRVDO�ZDV�WR�UHGXFH�SHDN�DLU�FRQGLWLRQHU�ORDG��ZKLFK�LV�QRW�DV�VWURQJ�DQ�LVVXH�IRU�JDV�FRROLQJ�
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UHSRUWHG�LQ�WKH�6SHFLDO�)HDWXUHV�DQG�0RGHOLQJ�$VVXPSWLRQV�OLVWLQJV�RQ�WKH�&)��5�DQG�&��5�IRUPV�SULQWHG�E\�WKH�$&0�
6HFWLRQ������&RROLQJ�(TXLSPHQW��SDJH�������
3URSRVHG�'HVLJQ��$&0V�PXVW�EH�DEOH�WR�PRGHO�WKH�EDVLF�W\SHV�RI�FRROLQJ�HTXLSPHQW�OLVWHG�LQ�7DEOH�������$&0V�PXVW�UHTXLUH�WKH�XVHU�WR�HQWHU�WKH�EDVLF�LQIRUPDWLRQ�WR�PRGHO�WKH�HQHUJ\�XVH�RI�WKHVH�SLHFHV�RI�HTXLSPHQW��$W�WKH�PLQLPXP�WKLV�LQFOXGHV�VRPH�W\SH�RI�VHDVRQDO�GLVWULEXWLRQ�V\VWHP�HIILFLHQF\�IRU�FRROLQJ��LGHQWLILFDWLRQ�RI�ZKHWKHU�WKH�FRROLQJ�V\VWHP�LV�GXFWHG�RU�QRQ�GXFWHG�DQG�FHQWUDO�RU�QRQ�FHQWUDO��)RU�JDV�DEVRUSWLRQ�FRROLQJ�WKLV�LQFOXGHV�WKH�UDWHG�FDSDFLW\�DQG�&23 DW���q)�GE�RXWGRRU�DLU��SDUDVLWLF�SRZHU�FRQVXPSWLRQ��DQG�PHDVXUHG�IDQ�HQHUJ\�LI�DYDLODEOH�RWKHUZLVH GHIDXOW�IDQ�HQHUJ\�ZLOO�EH�XVHG����,I�WKH�FRROLQJ�V\VWHP�LV�QRQ�GXFWHG�QRQ�FHQWUDO��WKH�$&0�PXVW�UHTXLUH�WKH�XVHU�WR�VHOHFW�WKH�W\SH�DQG�VL]H�RI�WKH�HTXLSPHQW�IURP�WKRVH�VKRZQ�LQ�7DEOH������7KH�HIILFLHQFLHV�RI�DOO�HOHFWULF�FRROLQJ�HTXLSPHQW�DQG�GLVWULEXWLRQ�V\VWHPV�DUH�FRQYHUWHG�WR�VRXUFH�VHDVRQDO�HQHUJ\�HIILFLHQF\�UDWLRV��66((5���DV�VKRZQ�LQ�(TXDWLRQV����F�DQG����F��7KH�HIILFLHQFLHV�RI�DOO�JDV�FRROLQJ�HTXLSPHQW�DQG�GLVWULEXWLRQ�V\VWHPV�DUH�SURFHVVHG�WKURXJK�WKH�KRXUO\�7'9�PRGHO�FRQYHUWHG�WR�VRXUFH�VHDVRQDO�HIILFLHQF\ DV�VKRZQ�LQ�(TXDWLRQV����JF�±���JF� �F��3DFNDJHG�DLU�FRQGLWLRQLQJ�V\VWHPV��3NJ$LU&RQG��/UJ3NJ$LU&RQG��3NJ+HDW3XPS�RU�/UJ3NJ+HDW3XPS��VKDOO�EH�QRWHG�LQ�WKH�6SHFLDO�)HDWXUHV�DQG�0RGHOLQJ�$VVXPSWLRQV�OLVWLQJV�
7KH�KRXUO\�PRGHO�IRU�JDV�FRROLQJ�XWLOL]HV�WKH�KRXUO\�ORDG�YDOXHV�DQG�WKH�KRXUO\�RXWGRRU�WHPSHUDWXUH�YDOXHV�JHQHUDWHG�E\�0,&523$6�WR�GHWHUPLQH�WKH�JDV�HQHUJ\�FRQVXPSWLRQ���7KHVH�KRXUO\�YDOXHV�ZLOO�EH�UHIHUUHG�WR�DV�/QDQG�7Q LQ�WKH�HTXDWLRQV�EHORZ�ZKHUH�WKH�Q�UHSUHVHQWV�WKH�KRXU�RI�WKH�\HDU���7KH�XVHU�LQSXWV�ZLOO�EH�GHQRWHG�DV�IROORZV�

&$3��  ��5DWHG�FDSDFLW\�DW���q)�GE�RXWGRRU�DLU�
&23FRROLQJJDV  ��5DWHG�&23�DW���q)�GE�RXWGRRU�DLU�
33&�  ��3DUDVLWLF�3RZHU�FRQVXPSWLRQ��:��DW�IXOO�ORDG��RXWGRRU�XQLW�RQO\��H[FOXGH�LQGRRU�IDQ�SRZHU�
)(�����  �,QGRRU�)DQ�(QHUJ\��RSWLRQDO���:LOO�GHIDXOW�WR����:�WRQ�XQOHVV�XVHU�HQWHUV�PHDVXUHG�YDOXH�LQ�:�WRQ� ,I�WKH�DFWXDO�IDQ�HQHUJ\�LV�FODLPHG��WKLV�VKDOO�EH�QRWHG�LQ�WKH�6SHFLDO�)HDWXUHV�DQG�0RGHOLQJ�$VVXPSWLRQV�OLVWLQJV�

*DV�DEVRUSWLRQ�XQLW�KRXUO\�FRROLQJ�FDSDFLW\�LV�FDOFXODWHG�IURP�WKH�FRUUHVSRQGLQJ�RXWGRRU�WHPSHUDWXUHV�XVLQJ�(TXDWLRQ����JF�
&$3Q  ��&$3��u �����������7Q�� ���������7Q ± ���������u ���� (TXDWLRQ����JF

1RWH���,I�7Q�����q)�WKHQ�&$3Q  �&$3�u �������u �����IRU�KRXU�Q
7KH�KRXUO\�SDUW�ORDG�UDWLR�LV�FDOFXODWHG�XVLQJ�WKH�FRUUHVSRQGLQJ�KRXUO\�FRROLQJ�ORDGV�DQG�FDSDFLWLHV�

3/5Q  �/Q ��&$3Q (TXDWLRQ����JF
7KH�KRXUO\�+,5�SDUW�ORDG�DGMXVWPHQW�IDFWRU��+,5�3/5��LV�FDOFXODWHG�DV�D�IXQFWLRQ�RI�WKDW�KRXU¶V�3/5�

+,5�3/5Q  ������������3/5Q�ð���������������3/5Q������������� (TXDWLRQ����JF
1RWH���,I�3/5Q�� ����WKHQ�+,5$)� ���u 3/5Q

7KH�KRXUO\�&23�LV�D�IXQFWLRQ�RI�WKDW�KRXU¶V�RXWGRRU�GU\�EXOE�WHPSHUDWXUH�
&23Q  �������������7Q ���������������&23FRROLQJJDV������ (TXDWLRQ����JF
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1RWH���,I�7Q�����q)�WKHQ�&23Q  ���������&23FRROLQJJDV������
7KH�KRXUO\�+,5�LV�FDOFXODWHG�E\�WDNLQJ�WKH�LQYHUVH�RI�WKH &23�DQG�PXOWLSO\LQJ�E\�WKH�+,5�3/5�IRU�WKDW�KRXU�

+,5Q  ����&23Q��u +,5�3/5Q (TXDWLRQ����JF
*DV� FRROLQJ� JDV� HQHUJ\� FRQVXPSWLRQ� �*&*(&�� LV� FDOFXODWHG� E\�PXOWLSO\LQJ�WKH�+,5� E\� WKH� KRXUO\� FDSDFLW\�FDOFXODWHG�XVLQJ�(TXDWLRQ����JF�

*&*(&Q &$3Q u +,5Q (TXDWLRQ����JF
*DV�FRROLQJ�HOHFWULF�HQHUJ\�FRQVXPSWLRQ��*&((&��LV�FDOFXODWHG�DV�VKRZQ�LQ�HTXDWLRQ����JF�

*&((&Q ��33&���)(�u ��&$3�u ��������������u 3/5Q (TXDWLRQ����JF
3URSRVHG�/DQJXDJH�� 1RQ�5HVLGHQWLDO�$&0�0DQXDO

1RWH���&KLOOHU�SHUIRUPDQFH�FXUYHV�LQFOXVLYH�LQ�'2(���DUH�QRW�FXUUHQWO\�GRFXPHQWHG�LQ�WKH�$&0�PDQXDO��EXW�DUH�GRFXPHQWHG�LQ�WKH�'2(����(�6XSSOHPHQW�8SGDWH��$Q�DSSURSULDWH�ORFDWLRQ�WR�SODFH�SURSRVHG�FKDQJHV�WR�WKRVH�FXUYHV�LQ�WKH�$&0�PXVW�EH�GHWHUPLQHG���&KDQJHV�SURSRVHG�WR�WKH�JDV�DEVRUSWLRQ�FKLOOHU�FXUYHV�� DUH�OLVWHG�EHORZ��ZLWKRXW�UHIHUHQFH�WR�DQ�H[LVWLQJ�VHFWLRQ�
��������*DV�(QJLQH�'ULYHQ�&KLOOHUV�DQG�+HDW�3XPSV'HVFULSWLRQ��$&0V�PD\�PRGHO�HQJLQH�GULYHQ�FRROLQJ�HTXLSPHQW�ZLWK�WKH�IROORZLQJ�IHDWXUHV�x (QJLQH�'ULYHQ�&KLOOHU��)RVVLO�IXHO�HQJLQH�GULYHQ��FRPSUHVVRU�ZDWHU�FKLOOHU���x (QJLQH�'ULYHQ�+HDW�3XPS�)RVVLO�IXHO�HQJLQH�GULYHQ�KHDW�SXPS��x $LU�&RROHG�&RQGHQVHU��&KLOOHU�RU�+HDW�3XPS�XVHV�DLU�WR�FRRO�FRQGHQVHU�x :DWHU�&RROHG�&RQGHQVHU��&KLOOHU�RU�+HDW�3XPS�XVHV�ZDWHU�WR�FRRO�FRQGHQVHU�x (QJLQH�:DVWH�+HDW�5HFRYHU\��:DVWH�KHDW�LV�UHFRYHUHG�IURP�HQJLQH�FRRODQW�IRU�UHXVH LQ�D�VSDFH�KHDWLQJ�RU�GRPHVWLF�ZDWHU�KHDWLQJ�DSSOLFDWLRQ�x ([KDXVW�+HDW�5HFRYHU\���+HDW�LV�H[WUDFWHG�IURP�HQJLQH�H[KDXVW�JDVHV�IRU�UHXVH�IRU�UHXVH�LQ�D�VSDFH�KHDWLQJ�RU�GRPHVWLF�ZDWHU�KHDWLQJ�DSSOLFDWLRQ��VHH����������
'2(�.H\ZRUG��3/$17�(48,30(17(1*�&+/5RU+($7�6285&(*$6�+($7�3803,QSXW�7\SH��5HTXLUHG7UDGHRIIV��<HV0RGHOLQJ�5XOHV�IRU�3URSRVHG�'HVLJQ�7KH�$&0�VKDOO�PRGHO�JDV�HQJLQH�GULYHQ�HTXLSPHQW�LQ�WKH�SURSRVHG�GHVLJQ�DV�LQSXW�E\�WKH�XVHU�DFFRUGLQJ�WR�WKH�SODQV�DQG�VSHFLILFDWLRQV�IRU�WKH�EXLOGLQJ��7KH�$&0�VKDOO�XVH�SHUIRUPDQFH�UHODWLRQVKLSV�DV�HVWDEOLVKHG�E\�WKH�'2(�����GHIDXOW�HTXLSPHQW�FXUYHV�0RGHOLQJ�5XOHV�IRU5HIHUHQFH�'HVLJQ�1HZ��$&0V�VKDOO�GHWHUPLQH�WKH�VWDQGDUG�GHVLJQ�DFFRUGLQJ�WR�WKH�UHTXLUHPHQWV�RI�WKH
�� 2ULJLQDO�FXUYHV�ZHUH�GHYHORSHG�IRU�'2(����'�ZLWK�WKH�FROODERUDWLRQ�RI�WKH�*DV�5HVHDUFK�,QVWLWXWH�DQG�(OHFWUR&20�*$5'��/WG�
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5HTXLUHG�6\VWHPV�DQG�3ODQW�&DSDELOLWLHV�DQG�)LJXUH�����0RGHOLQJ�5XOHV�IRU5HIHUHQFH�'HVLJQ�([LVWLQJ�8QFKDQJHG�	$OWHUHG�([LVWLQJ��$&0V�VKDOO�PRGHO�WKH�H[LVWLQJ�V\VWHP�DV�LW�RFFXUV�LQ�WKH�H[LVWLQJ�EXLOGLQJ��,I�WKH�SHUPLW�LQYROYHV�DOWHUDWLRQV��$&0V�VKDOO�PRGHO�WKH�V\VWHP�EHIRUH�DOWHUDWLRQV�
*DV�(QJLQH�'ULYHQ�&KLOOHUV�DQG�+HDW�3XPSV
5HSODFH�WKH�FRHIILFLHQWV�XVHG�LQ�WKH�GHIDXOW�'2(����(�WDEOHV�ZLWK�WKH�FRUUHVSRQGLQJ�FRHIILFLHQWV�OLVWHG�LQ�WKH�WDEOH�EHORZ�

,QGHSHQGHQW &RHIILFLHQWV.H\ZRUG 9DULDEOHV �D� �E� �F� �G� �H� �I�$%625*�+,5�)7 /HDYLQJ�FKLOOHG� ��������� ��������� ��������� � � �$%625*�+,5�)7� &RQGHQVHU� ��������� ���������� ��������� � � �
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%LEOLRJUDSK\�DQG�2WKHU�5HVHDUFK2WKHU�5HVHDUFK
$�PDUNHW�DVVHVVPHQW�RI�JDV�FRROLQJ�FRPSOHWHG�E\�'DYLV�(QHUJ\�*URXS�IRU�WKH�*DV�&RPSDQ\�LQ������SURYLGHG�EDFNJURXQG�IRU WKH�UDQJH�RI�WHFKQRORJLHV�DYDLODEOH��'(*���������$V�SDUW�RI�WKLV�ZRUN�'(*�DQG�(QHUFRPS�FROODERUDWHG�WR�SURGXFH�7(6&2*(1��D�SURJUDP�WKDW�XVHG�D�YHUVLRQ�RI�0,&523$6�WR�JHQHUDWH�EXLOGLQJ�ORDGV�DQG�D�V\VWHPV�PRGXOH�WR�FRPSXWH�HQHUJ\�XVH�IRU�D�YDULHW\�RI�JDV�FRROLQJ�WHFKQRORJLHV����%HFDXVH�RI�WKH�QHHG�WR�HPSOR\�FXUUHQW�$&0¶V��7(6&2*(1�ZDV�QRW�XVHG�WR�FRPSOHWH�WKH�DQDO\VLV�GHVFULEHG�LQ�WKLV�UHSRUW�
0XFK�PRUH�UHFHQWO\�WKH�1HZ�%XLOGLQJV�,QVWLWXWH�FRPSLOHG�DQ�DGYDQFHG�GHVLJQ�JXLGHOLQH�IRU�DEVRUSWLRQ�FKLOOHUV�WKDW�ZDV�XVHG�DV�D�UHIHUHQFH�IRU�WKLV�UHSRUW���7KH�1%,�UHSRUW�LQFOXGHV�FRVW�HIIHFWLYHQHVV�JUDSKV�IRU�PXOWLSOH�JDV�DQG�HOHFWULF�UDWH�VFHQDULRV�DQG�FOLPDWH�ORFDWLRQV��
7KH�$PHULFDQ�*DV�&RROLQJ�&HQWHU��$*&&��ZDV�DOVR�XVHG�DV�D�VRXUFH�RI�LQIRUPDWLRQ�IRU�WKLV�UHSRUW����7KH�$*&&�ZHE�VLWH��ZZZ�DJFF�RUJ��FRQWDLQV�LQIRUPDWLRQ�RQ�ERWK�JDV�DEVRUSWLRQ�DQG�JDV�HQJLQH�WHFKQRORJLHV��LQFOXGLQJ�VFKHPDWLFV��D�UHYLHZ�RI�DSSOLFDWLRQV��DQG�RWKHU�LQIRUPDWLRQ���7KH�)HGHUDO�(QHUJ\�0DQDJHPHQW�3URJUDP��)(03��ZHEVLWH�DOVR�LQFOXGHV�DSSOLFDWLRQV�DQG�SHUIRUPDQFH�GDWD�RQ�JDV�DEVRUSWLRQ�V\VWHPV���%RWK�WKH�1%,�DQG�WKH�$*&&�GRFXPHQWV�ZLOO�EH�XVHG�WR�IXUWKHU�LQYHVWLJDWH�WKH�QHHG�IRU�DGGLWLRQDO�HOLJLELOLW\�FULWHULD�IRU�JDV�FRROLQJ�HTXLSPHQW�FRPSOLDQFH�RSWLRQV�
6WDQGDUGV�GRFXPHQWV�IURP�WKH�&DOLIRUQLD�(QHUJ\�&RPPLVVLRQ�ZHUH�XVHG�LQ�WKH�FUHDWLRQ�RI�WKH�³3URSRVHG�/DQJXDJH´�VHFWLRQ�RI�WKH�³5HFRPPHQGDWLRQV´���7KH�GRFXPHQWV�XVHG�ZHUH�WKH������$%����(QHUJ\�(IILFLHQF\�6WDQGDUGV�DQG�WKH������5HVLGHQWLDO�DQG�1RQ�5HVLGHQWLDO�$&0�PDQXDOV�
7KH�$16,�DQG�$5,�VWDQGDUGV�ZHUH�UHIHUUHG�WR�LQ�WKH�³3URSRVHG�/DQJXDJH´�VHFWLRQ���7KHVH�VWDQGDUGV�GLFWDWH�WKH�UDWHG�FRQGLWLRQV�IRU�WHVWLQJ�WKH�JDV�FRROLQJ�HTXLSPHQW�WR�VHH�LI�WKH\�PHHW�PLQLPXP�HIILFLHQF\�UHTXLUHPHQWV�DQG�WR�JHQHUDWH�WKH�GDWD�QHFHVVDU\�IRU�FRPSOLDQFH�WHVWLQJ�
0DQXIDFWXUHUV¶�WHVW�GDWD�PXVW�GHILQH�WHVW�FRQGLWLRQV�IRU�WKH�GDWD�WR�EH�XVDEOH�ZLWK�FRQILGHQFH�LQ�PRGHOLQJ���/LWWOH�PDQXIDFWXUHU�GDWD�FRXOG�EH�ORFDWHG�RQ�SDUW�ORDG�RSHUDWLRQ��VR�WKH�GHIDXOW�YDOXHV�ZHUH�XVHG�LQ�'2(���%LEOLRJUDSK\
&(&�������$%����(QHUJ\�(IILFLHQF\�6WDQGDUGV�IRU�5HVLGHQWLDO�DQG�1RQ�5HVLGHQWLDO�%XLOGLQJV� 7LWOH����6WDQGDUGV��(QHUJ\�&RPPLVVLRQ�3XEOLFDWLRQ�1R��3�������������&DOLIRUQLD�(QHUJ\�&RPPLVVLRQ��6DFUDPHQWR��&$������
&(&�������$OWHUQDWLYH�&DOFXODWLRQ�0HWKRG��$&0��$SSURYDO�0DQXDO�IRU�WKH�����(QHUJ\�(IILFLHQF\�6WDQGDUGV�IRU�5HVLGHQWLDO�%XLOGLQJV� 7LWOH����5HVLGHQWLDO�$&0�0DQXDO��(QHUJ\�&RPPLVVLRQ�3XEOLFDWLRQ�1R��3�������������&DOLIRUQLD�(QHUJ\�&RPPLVVLRQ��6DFUDPHQWR��&$������
&(&�������$%����1RQ�5HVLGHQWLDO�$OWHUQDWLYH�&DOFXODWLRQ�0HWKRG�$SSURYDO�0DQXDO� 7LWOH����1RQ�5HVLGHQWLDO�$&0�0DQXDO��(QHUJ\�&RPPLVVLRQ�3XEOLFDWLRQ�1R��3�������������&DOLIRUQLD�(QHUJ\�&RPPLVVLRQ��6DFUDPHQWR��&$������
$5,��������$EVRUSWLRQ�:DWHU�&KLOOLQJ�DQG�:DWHU�+HDWLQJ�3DFNDJHV� $5,�6WDQGDUG������$LU�&RQGLWLRQLQJ�DQG�5HIULJHUDWLRQ�,QVWLWXWH��$UOLQJWRQ��9$�������
1%,��������$EVRUSWLRQ�&KLOOHUV�± $GYDQFHG�'HVLJQ�*XLGHOLQHV���'HVLJQ�JXLGHOLQHV�SUHSDUHG�IRU�WKH�6RXWKHUQ�&DOLIRUQLD�*DV�&RPSDQ\�E\�WKH�1HZ�%XLOGLQJV�,QVWLWXWH��)DLU�2DNV��&$��1RYHPEHU������
,$6��������3HUIRUPDQFH�7HVWLQJ�DQG�5DWLQJ�RI�*DV�)LUHG��$LU�&RQGLWLRQLQJ�DQG�+HDW�3XPS�$SSOLDQFHV� $16,�VWDQGDUG�=��������������,QWHUQDWLRQDO�$SSURYDO�6HUYLFHV�±8�6���,1&��&OHYHODQG��2+�������



6&*�&RGH�3URSRVDOV 3DJH���

$SSHQGLFHV
$SSHQGL[�$���4XHVWLRQQDLUHV$SSHQGL[�%� $&0�&RPSDULVRQ�6SUHDGVKHHWV�IRU�WKH�5HVLGHQWLDO�*DV�$EVRUSWLRQ�$LU�&RQGLWLRQHU$SSHQGL[�&���$&0�&RPSDULVRQ�6SUHDGVKHHWV�IRU�WKH�1RQ�5HVLGHQWLDO�*DV�(QJLQH�'ULYHQ�&KLOOHU$SSHQGL[�'���$&0�&RPSDULVRQ�6SUHDGVKHHWV�IRU�WKH�1RQ�5HVLGHQWLDO�'RXEOH�(IIHFW�$EVRUSWLRQ�&KLOOHU$SSHQGL[�(���$&0�&RPSDULVRQ�6SUHDGVKHHWV�IRU�WKH�1RQ�5HVLGHQWLDO�*DV�(QJLQH�'ULYHQ�+HDW�3XPS$SSHQGL[�)�� '2(��LQSXWV�



6&*�&RGH�3URSRVDOV 3DJH���

$SSHQGL[�$���4XHVWLRQQDLUHV
*HQHUDO�4XHVWLRQV�� +RZ�ORQJ�KDV�WKH�WHFKQRORJ\�EHHQ�RQ�WKH�PDUNHW�LQ�LWV�FXUUHQW�IRUP"�� $SSUR[LPDWHO\�KRZ�PDQ\�XQLWV�KDYH�EHHQ�SURGXFHG�DQG�RU�VROG"�� :KDW�LV�WKH�HVWLPDWHG�WUDGH�SULFH��RU�ZKDW�LV�WKH�QDPH�RI�D�GLVWULEXWRU�ZKR�FDQ�SURYLGH�D�FXUUHQW�WUDGH�SULFH"�� :KDW�DUH�WKH�H[SHFWHG�DQQXDO�PDLQWHQDQFH�FRVWV��DV�D�SHUFHQWDJH�RI�LQLWLDO�HTXLSPHQW�FRVW���� :KDW�LV�WKH�H[SHFWHG�HTXLSPHQW�OLIHWLPH"�� 3OHDVH�GHVFULEH�HTXLSPHQW�SHUIRUPDQFH�E\�ILOOLQJ�LQ�D�IRUP�ZH�ZLOO�ID[�WR�\RX���,I�\RX�KDYH�HTXLSPHQW�OLWHUDWXUH�WKDW�LQFOXGHV�WKH�LQIRUPDWLRQ�ZH�QHHG��SOHDVH�PDLO�LW�����&DUHIXO�� WKH\�DUH�OLNHO\�WR�VHQG�VDOHV�OLWHUDWXUH�ZKHQ�ZKDW�ZH�UHDOO\�ZDQW�LV�HQJLQHHULQJ�GDWD��
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*DV�(QJLQH�&KLOOHU���&RPPHUFLDO�
8QLW�PRGHO�QXPEHU��BBBBBBBBBBBBBBBBBBBBBBBBB1RPLQDO�WRQV��BBBBBBBB
5DWLQJ�&RQGLWLRQV6SHFLI\�UDWLQJ�VWDQGDUG�RUJDQL]DWLRQ�QXPEHU��LI�DYDLO���BBBBBBBBBBBBB�(QJLQH�530�BBBBBBB(QWHULQJ�FRQGHQVHU�ZDWHU�WHPSHUDWXUH��BBBBBBq)�/HDYLQJ�FKLOOHG�ZDWHU��HYDSRUDWRU��WHPSHUDWXUH�BBBBBq)
&DSDFLW\�DW�UDWHG�FRQGLWLRQV��BBBBBBBBBBBB�0%WXK&DSDFLW\�DW�RWKHU�FRQGLWLRQV�DQG�UDWHG�530�BBBBBBBB�0%WXK�DW�BBBBBBq)�HQWHULQJ�FRQGHQVHU�WHPSHUDWXUHBBBBBBBB�0%WXK�DW�BBBBBBq)�HQWHULQJ�FRQGHQVHU�WHPSHUDWXUHBBBBBBBB�0%WXK�DW�BBBBBBq)�HQWHULQJ�FRQGHQVHU�WHPSHUDWXUH
BBBBBBBB�0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU�WHPSHUDWXUHBBBBBBBB�0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU�WHPSHUDWXUHBBBBBBBB�0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU�WHPSHUDWXUH

*DV�HQHUJ\�XVH�DW�UDWHG�FRQGLWLRQV��BBBBBBBB��0%WXK

*DV�HQHUJ\�XVH�DW�RWKHU�FRQGLWLRQV�DQG�UDWHG�530���BBBBBBBB0%WXK�DW�BBBBBBq)�HQWHULQJ�FRQGHQVHU�WHPSHUDWXUHBBBBBBBB0%WXK�DW�BBBBBBq)�HQWHULQJ�FRQGHQVHU�WHPSHUDWXUHBBBBBBBB0%WXK�DW�BBBBBBq)�HQWHULQJ�FRQGHQVHU�WHPSHUDWXUH
BBBBBBBB0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU�WHPSHUDWXUHBBBBBBBB0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU�WHPSHUDWXUHBBBBBBBB0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU�WHPSHUDWXUH

,I�SHUIRUPDQFH�GDWD�DUH�DYDLODEOH�DW�UHGXFHG�VSHHGV�RU�SDUW�ORDGV��SURYLGH�WKH�DERYH�GDWD�DW�WKH�UHGXFHG�VSHHG��VSHFLI\�530��
,I�WKH�XQLW�LV�GHVLJQHG�IRU�HQJLQH�FRROLQJ�ZDWHU�KHDW�UHFRYHU\��ZKDW�LV�WKH�DYDLODEOH�KHDW�UHFRYHU\�DW�UDWHG�DQG�SDUW�ORDG�FRQGLWLRQV�
5DWHG���BBBBBBBBB0%WXK�DW�BBBBBB530BBBBBBBBB0%WXK�DW�BBBBBB530BBBBBBBBB0%WXK�DW�BBBBBB530
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'RXEOH�HIIHFW�$EVRUSWLRQ�&KLOOHU���&RPPHUFLDO�
5DWLQJ�&RQGLWLRQV6SHFLI\�UDWLQJ�VWDQGDUG�RUJDQL]DWLRQ�QXPEHU��LI�DYDLO���BBBBBBBBBBBBB�(QWHULQJ�FRQGHQVHU�ZDWHU�WHPSHUDWXUH��BBBBBBq)�/HDYLQJ�FKLOOHG�ZDWHU��HYDSRUDWRU��WHPSHUDWXUH�BBBBBq)
)XOO�ORDG�FDSDFLW\�DW�UDWHG�FRQGLWLRQV��BBBBBBBBBBBB�0%WXK&DSDFLW\�DW�RWKHU�FRQGLWLRQV�DQG�IXOO�ORDG�BBBBBBBB�0%WXK�DW�BBBBBBq)�HQWHULQJ�FRQGHQVHU�WHPSHUDWXUHBBBBBBBB�0%WXK�DW�BBBBBBq) HQWHULQJ�FRQGHQVHU�WHPSHUDWXUHBBBBBBBB�0%WXK�DW�BBBBBBq)�HQWHULQJ�FRQGHQVHU�WHPSHUDWXUH
BBBBBBBB�0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU�WHPSHUDWXUHBBBBBBBB�0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU�WHPSHUDWXUHBBBBBBBB�0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU WHPSHUDWXUH

*DV�HQHUJ\�XVH�DW�UDWHG�FRQGLWLRQV��BBBBBBBB��0%WXK*DV�HQHUJ\�XVH�DW�RWKHU�FRQGLWLRQV�DQG�IXOO�ORDG���BBBBBBBB0%WXK�DW�BBBBBBq)�HQWHULQJ�FRQGHQVHU�WHPSHUDWXUHBBBBBBBB0%WXK�DW�BBBBBBq)�HQWHULQJ�FRQGHQVHU�WHPSHUDWXUHBBBBBBBB0%WXK�DW�BBBBBBq)�HQWHULQJ�FRQGHQVHU�WHPSHUDWXUH
BBBBBBBB0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU�WHPSHUDWXUHBBBBBBBB0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU�WHPSHUDWXUHBBBBBBBB0%WXK�DW�BBBBBBq)�OHDYLQJ�HYDSRUDWRU�WHPSHUDWXUH,I�SHUIRUPDQFH�GDWD�DUH�DYDLODEOH�DW�SDUW�ORDGV��SURYLGH�WKH�DERYH�GDWD�DW�WKH�SDUW�ORDG��VSHFLI\�SDUW�ORDG�IUDFWLRQ��

,I�WKH�XQLW�LV�GHVLJQHG�IRU�HQJLQH�FRROLQJ�ZDWHU�KHDW�UHFRYHU\��ZKDW�LV�WKH�DYDLODEOH�KHDW�UHFRYHU\�DW�UDWHG�DQG�SDUW�ORDG�FRQGLWLRQV�
5DWHG���BBBBBBBBB0%WXK�DW�BBBBBBSDUW�ORDG�IUDFWLRQBBBBBBBBB0%WXK�DW�BBBBBBSDUW�ORDG�IUDFWLRQBBBBBBBBB0%WXK�DW�BBBBBBSDUW�ORDG�IUDFWLRQ

3OHDVH�LQGLFDWH�ZKHWKHU�WKH�XQLW�FDQ�DOVR�EH�XVHG�WR�SURYLGH�KRW�ZDWHU�IRU�EXLOGLQJ�FRQGLWLRQLQJ��UHKHDW��BBBBBBBBB�\HV�QR���,I�\HV��SOHDVH�SURYLGH�WKH�KHDWLQJ�FDSDFLW\�DQG�HIILFLHQF\�
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*DV�$EVRUSWLRQ�$LU�&RQGLWLRQHU���5HVLGHQWLDO�
5DWLQJ�&RQGLWLRQV6SHFLI\�UDWLQJ�VWDQGDUG�RUJDQL]DWLRQ�QXPEHU��LI�DYDLO���BBBBBBBBBBBBB�2XWGRRU�DLU�WHPSHUDWXUH��BBBBBBq)�5HWXUQ�DLU�WHPSHUDWXUH�BBBBBq)��VSHFLI\�GU\�EXOE�RU ZHW�EXOE�
)XOO�ORDG�FDSDFLW\�DW�UDWHG�FRQGLWLRQV��BBBBBBBBBBBB�N%WXK&DSDFLW\�DW�RWKHU�FRQGLWLRQV�DQG�IXOO�ORDG�BBBBBBBB�N%WXK�DW�BBBBBBq)�RXWGRRU�DLU�WHPSHUDWXUHBBBBBBBB�N%WXK�DW�BBBBBBq)�RXWGRRU�DLU�WHPSHUDWXUHBBBBBBBB�N%WXK�DW�BBBBBBq)�RXWGRRU�DLU�WHPSHUDWXUH
BBBBBBBB�N%WXK�DW�BBBBBBq)�UHWXUQ�DLU�WHPSHUDWXUHBBBBBBBB�N%WXK�DW�BBBBBBq)�UHWXUQ�DLU�WHPSHUDWXUHBBBBBBBB�N%WXK�DW�BBBBBBq)�UHWXUQ�DLU�WHPSHUDWXUH

*DV�HQHUJ\�XVH�DW�UDWHG�FRQGLWLRQV��BBBBBBBB�N%WXK*DV�HQHUJ\�XVH�DW�RWKHU�FRQGLWLRQV DQG�IXOO�ORDG���BBBBBBBBN%WXK�DW�BBBBBBq)�RXWGRRU�DLU�WHPSHUDWXUHBBBBBBBBN%WXK�DW�BBBBBBq)�RXWGRRU�DLU�WHPSHUDWXUHBBBBBBBBN%WXK�DW�BBBBBBq)�RXWGRRU�DLU�WHPSHUDWXUH
BBBBBBBBN%WXK�DW�BBBBBBq)�UHWXUQ�DLU�WHPSHUDWXUHBBBBBBBBN%WXK�DW�BBBBBBq)�UHWXUQ�DLU�WHPSHUDWXUHBBBBBBBBN%WXK�DW�BBBBBBq)�UHWXUQ�DLU�WHPSHUDWXUH

,I�SHUIRUPDQFH�GDWD�DUH�DYDLODEOH�DW�SDUW�ORDGV��SURYLGH�WKH�DERYH�GDWD�DW�WKH�SDUW�ORDG��VSHFLI\�SDUW�ORDG�IUDFWLRQ��
,I�WKH�XQLW�LV�GHVLJQHG�IRU�HQJLQH�FRROLQJ�ZDWHU�KHDW�UHFRYHU\��ZKDW�LV�WKH�DYDLODEOH�KHDW�UHFRYHU\�DW�UDWHG�DQG�SDUW�ORDG�FRQGLWLRQV�
5DWHG���BBBBBBBBBN%WXK�DW�BBBBBBSDUW�ORDG�IUDFWLRQBBBBBBBBBN%WXK�DW�BBBBBBSDUW�ORDG�IUDFWLRQBBBBBBBBBN%WXK�DW�BBBBBBSDUW�ORDG�IUDFWLRQ

3OHDVH�LQGLFDWH�ZKHWKHU�WKH�XQLW�FDQ�DOVR�EH�XVHG�WR�SURYLGH�KRW�ZDWHU�IRU�EXLOGLQJ�FRQGLWLRQLQJ��UHKHDW��BBBBBBBBB�\HV�QR���,I�\HV��SOHDVH�SURYLGH�WKH�KHDWLQJ�FDSDFLW\�DQG�HIILFLHQF\�
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$SSHQGL[�%���$&0�&RPSDULVRQ�6SUHDGVKHHWV�IRU�WKH�5HVLGHQWLDO�*DV�$EVRUSWLRQ�$LU�&RQGLWLRQHU



$SSHQGL[�%���5HVLGHQWLDO�*DV�$EVRUSWLRQ�&KLOOHU

6&*�&RGH�3URSRVDOV 3DJH���

$&0�&RPSDULVRQ��6RXUFH�(QHUJ\�YV��7LPH�'HSHQGHQW�9DOXDWLRQ =RQH��5HVLGHQWLDO�7LWOH����&RPSOLDQFH�&RPSDULVRQ
3URMHFW�WLWOH�����VI������%DVH ����WRQ+HDWLQJ�)XHO�1DWXUDO�*DV &RPSOLDQFH�&RPSDULVRQ�6XPPDU\&XUUHQW�0HWKRG��6RXUFH�(QHUJ\�N%WX�VI �\U 7LPH�'HSHQGHQW�9DOXDWLRQ��N%WX�VI�\U6WDQGDUG�'HVLJQ 3URSRVHG�'HVLJQ 6WDQGDUG�'HVLJQ 3URSRVHG�'HVLJQ(QG�8VH� (QHUJ\�%XGJHW (QHUJ\�8VH (QHUJ\�&RVW�%XGJHW (QHUJ\�&RVW6SDFH�+HDWLQJ ���� ���� ���� ����6SDFH�&RROLQJ ���� ���� ���� ����:DWHU�+HDWLQJ ����� ����� ����� �����

7RWDO ����� ����� ����� �����&RPSOLHV" 1R &RPSOLHV" <HV0DUJLQ ������ 0DUJLQ ����)XHO�7\SH� 1DWXUDO�*DV
$QQXDO�6LWH�(QHUJ\�&RQVXPSWLRQ6WDQGDUG�'HVLJQ 3URSRVHG�'HVLJQ(QG�8VH� (OHFWULFLW\��N:K�VI�\U� )XHO��N%WX�VI�\U� (OHFWULFLW\��N:K�VI�\U� )XHO��N%WX�VI�\U�6SDFH�+HDWLQJ ���� ���� ���� ����6SDFH�&RROLQJ ���� ���� ���� ����:DWHU�+HDWLQJ ���� ����� ���� �����

7RWDO ���� ����� ���� �����



$SSHQGL[�%���5HVLGHQWLDO�*DV�$EVRUSWLRQ�&KLOOHU
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$&0�&RPSDULVRQ��6RXUFH�(QHUJ\�YV��7LPH�'HSHQGHQW�9DOXDWLRQ =RQH���5HVLGHQWLDO�7LWOH����&RPSOLDQFH�&RPSDULVRQ
3URMHFW�WLWOH�����VI������%DVH ��WRQ+HDWLQJ�)XHO�1DWXUDO�*DV &RPSOLDQFH�&RPSDULVRQ�6XPPDU\&XUUHQW�0HWKRG��6RXUFH�(QHUJ\�N%WX�VI �\U 7LPH�'HSHQGHQW�9DOXDWLRQ��N%WX�VI�\U6WDQGDUG�'HVLJQ 3URSRVHG�'HVLJQ 6WDQGDUG�'HVLJQ 3URSRVHG�'HVLJQ(QG�8VH� (QHUJ\�%XGJHW (QHUJ\�8VH (QHUJ\�&RVW�%XGJHW (QHUJ\�&RVW6SDFH�+HDWLQJ ���� ���� ���� ����6SDFH�&RROLQJ ���� ����� ����� �����:DWHU�+HDWLQJ ����� ����� ����� �����

7RWDO ����� ����� ����� �����&RPSOLHV" 1R &RPSOLHV" <HV0DUJLQ ������ 0DUJLQ ����)XHO�7\SH� 1DWXUDO�*DV
$QQXDO�6LWH�(QHUJ\�&RQVXPSWLRQ6WDQGDUG�'HVLJQ 3URSRVHG�'HVLJQ(QG�8VH� (OHFWULFLW\��N:K�VI�\U� )XHO��N%WX�VI�\U� (OHFWULFLW\��N:K�VI�\U� )XHO��N%WX�VI�\U�6SDFH�+HDWLQJ ���� ���� ���� ����6SDFH�&RROLQJ ���� ���� ���� �����:DWHU�+HDWLQJ ���� ����� ���� �����

7RWDO ���� ����� ���� �����



$SSHQGL[�%���5HVLGHQWLDO�*DV�$EVRUSWLRQ�&KLOOHU
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$&0�&RPSDULVRQ��6RXUFH�(QHUJ\ YV��7LPH�'HSHQGHQW�9DOXDWLRQ =RQH���5HVLGHQWLDO�7LWOH����&RPSOLDQFH�&RPSDULVRQ
3URMHFW�WLWOH�����VI������%DVH ��WRQ+HDWLQJ�)XHO�1DWXUDO�*DV &RPSOLDQFH�&RPSDULVRQ�6XPPDU\&XUUHQW�0HWKRG��6RXUFH�(QHUJ\�N%WX�VI �\U 7LPH�'HSHQGHQW�9DOXDWLRQ��N%WX�VI�\U6WDQGDUG�'HVLJQ 3URSRVHG�'HVLJQ 6WDQGDUG�'HVLJQ 3URSRVHG�'HVLJQ(QG�8VH� (QHUJ\�%XGJHW (QHUJ\�8VH (QHUJ\�&RVW�%XGJHW (QHUJ\�&RVW6SDFH�+HDWLQJ ����� ����� ����� �����6SDFH�&RROLQJ ���� ����� ����� �����:DWHU�+HDWLQJ ����� ����� ����� �����

7RWDO ����� ����� ����� �����&RPSOLHV" 1R &RPSOLHV" <HV0DUJLQ ������ 0DUJLQ ����)XHO�7\SH� 1DWXUDO�*DV
$QQXDO�6LWH�(QHUJ\�&RQVXPSWLRQ6WDQGDUG�'HVLJQ 3URSRVHG�'HVLJQ(QG�8VH� (OHFWULFLW\��N:K�VI�\U� )XHO��N%WX�VI�\U� (OHFWULFLW\��N:K�VI�\U� )XHO��N%WX�VI�\U�6SDFH�+HDWLQJ ���� ����� ���� �����6SDFH�&RROLQJ ���� ���� ���� ����:DWHU�+HDWLQJ ���� ����� ���� �����

7RWDO ���� ����� ���� �����



$SSHQGL[�%���5HVLGHQWLDO�*DV�$EVRUSWLRQ�&KLOOHU
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$&0�&RPSDULVRQ��6RXUFH�(QHUJ\ YV��7LPH�'HSHQGHQW�9DOXDWLRQ =RQH���5HVLGHQWLDO�7LWOH����&RPSOLDQFH�&RPSDULVRQ
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